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FORE WORD 

This volume is submitted to  the National Aeronaut ics  
and Space Adminis t ra t ion as pa r t  of the e f fo r t  by North 
Amer ican  Rockwell Corporat ion 's  Space Division to docu- 
m e n t  spec ia l  sk i l l s  developed during the Sa turn  S-I1 
P r o g r a m .  Th i s  e f for t ,  per formed under Contract  NAS7-200, 
provides  documents  which will enable qualified personnel  
unfamil iar  with the p r o g r a m  to c a r r y  out efficient operat ions 
in fu ture  S-I1 production. 

This  is Volume I of S-II Nondestructive Testing 
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nondestruct ive testing. The complete  se t  includes:  
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INTRODUCTtON AND SUMMARY 

This volume outlines the methods and p rocedures  used to p e r f o r m  
nondestruct ive tes t ing ( N D T )  inspections of the Saturn S-LI liquid hydrogen 
(LH2) and liquid oxygen (L02) t ank  weldments and selected s t r u c t u r e s  
during fabricat ion and after proof-testing. The  radiographic ,  f luorescent-  
penetrant ,  and ul t rasonic  inspection p r o c e s s e s  descr ibed  here in  a r e  the  
resu l t  of  p rog res s ive  development and ref inement  t o  achieve opt imum resu l t s .  

A brief  descr ip t ion  of t h e  s t ruc tura l lweldment  nondcstriictivc tes t ing 
inspection r equ i r emen t s  a r e  a s  outlined in the following paragraphs .  

All  s t ruc tu ra l  welds  joining the a s s e m b l i e s  of the L H 2  and LO2 tank 
p r i m a r y  s t r u c t u r e s  a re  inspected using radiographic and penetrant- inspect ion 
methods  during the ini t ia l  fabr icat ion and assembly .  
welding from opposing s ides  rece ive  a n  additional inspection using an  
u l t rasonic  s h e a r  wave method. 

S t ruc tu res  joined by 

Af ter  proof- tes t ing of the completed a s sembl i e s ,  a l l  the m a j o r  s t ruc tu ra l  
welds  a r e  re inspec ted  using radiographic  and penetrant-inspection methods 
In addition to the no rma l  inspection, a l l  anomal ies  revealed a r e  compared 
and closely analyzed during these post- tes t  inspect ions for  possible  propaga-  
tion. The pos t - tes t  inspect ions a r e  m a d e  a f t e r  the most  significant 
proof-testing F o r  example ,  bulkheads inspected after a hydrostat ic  t e s t  
a r e  n o t  re inspec ted  a f t e r  a subsequent pneumatic t e s t  i f  the loads l rnposed  
a r e  less  than those imposed  during the hydros ta t ic  t e s t  
inspection r equ i r emen t s  a r e  outlined i n  this sect ion 

A l l  post- tes t  

The common bulkhead i s  a sandwich-type a s s c m b l y  formcd by bonding 
two bulkhead facing shee ts  to a honeycomb c o r e  c e n t e r  
shee t s  a r e  r e f c r r c d  to a s  the fo rward  facing shcc t  and aft facing sheet  p r i o r  
to their  joining The bonding integrity of the common bulkhead 1s inspected 
on a special  tool using a n  ul t rasonic  squi r te r - type  sys t em designed 
specifically f o r  t h i s  plirpose. 
m a d e  t o  fac i l i ta te  the inspection p r o c e s s  and to  obtain a permanent  r eco rd  
of the completed inspection. 

Thr. two facing 

A "C" scan  recording of the  inspection is 

A d e b r i s  b a r r i e r  is  instal led a t  X B  866 location bctwecn the forward  LI-12 
bulkhead and the fo rward  s k i r t  a s s e m b l y  to prevent  foreign objects  f r o m  
beconling wedged i n  t h e  " V  ' cavity and causing a fa i lure  of the bulkhead 
during l a t e r  testing o r  during flight. To a s s u r e  that no foreign objects  a r e  

- 1 -  
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in the cavity (the a r e a  cannot be visually examined) before  installation of the  
b a r r i e r ,  the  a r e a  is examined by X-ray inspection. To a s s u r e  that  objects  
were not dropped into the cavi ty  during the b a r r i e r  installation, the area I S  
again X- ray  inspected a f t e r  f inal  installation. 

The general ,  locations of the subassembl ies  d iscussed  h e r e i n  and the i r  
location i n  re la t ion to the completed S-If launch vehicle are i l l u s t r a t ed  in  
F igu re  1. 
h s c u s s e d  o n  the following pages of this sectron. 

These subassembl ies  and the i r  inspect ion requi rements  a r e  

- 2 -  
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Bulkheads a re  constructed f r o m  12 go re  sect ions and one dol la r  
sect ion joined by machine-fusion welding. 
are a s  follows: 

The inspection r equ i r emen t s  

LHz F o r w a r d  
Bulkhead 

F o r w a r d  Facing 
She et 

Aft Fac ing  
Sheet 

Aft LO2 
Bulkhe ad 

r 

After ini t ia l  fabrication. X-ray  and penetrant-inspect 
all we Ids . 
Penetrant-ins pe ct a l l  we Ids 
(both s u r f a c e s ) ,  X- ray  
inspect  a l l  mer id ian  welds 
from equator ia l  net  t r i m ,  
l ine up 172 inches .  

After  hydrostat ic  t e s t -  

After pneumatic tes t .  Pene t ran t  - inspect a l l  welds 
on inboard sur face  only. 
X - r a y  inspect  the dol la r  weld 
and each  mer id ian  weld 
f r o m  172 inches up f rom 
the equator ia l  net  t r i m  line 
to  the dol la r  weld.  

After  ini t ia l  fabrication X-ray  and penetrant-inspec t 
all welds .  

After pneumatic t e s t  Penetrant- ins  pec t dol lar  we Id 
and all mer id ian  welds f r o m  
the dol la r  weld down 60 inches 
(outboard sur face  only).  

After  ini t ia l  fabrication X- ray  and penetrant-inspec t 
all welds .  

After  hydrostat ic  t e s t  X - r a y  and penetrant-inspect 
all welds .  

r 

After  ini t ia l  fabr icat ion X - r a y  and penetrant-inspect 
all welds ,  ultrasonic-inspect 
do l la r  weld.  

X-ray  and penetrant-inspect 

do l la r  weld (. 

After hydrostat ic  t e s t  
L a l l  welds ,  ultrasonic-inspect 

SD 70- 556- 1 
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COMMON BULKHEAD ASSEMBLY 

F o r w a r d  Fac ing  Sheet 

Honeycomb C o r e  

A f t  Fac ing  Sheet 

A f t  Fac ing  Sheet and 
Honeycome C o r e  

Common Bulkhead 

The common bulkhead is a sandwich a s s e m b l y  
consisting of the forward  facing sheet ,  aft facing 
shee t ,  and a honeycomb c o r e  center  These  
a s sembl i e s  a r e  joined in  two sepa ra t e  operat ions 
by adhesive bonding. 

y A f t e r  layup and bonding of the honeycomb c o r e  to 
1 the aft  facing shee t ,  random a r e a s  a r e  inspected 

using the pulse echo contact method. 

Immediately p r i o r  t o  the forward facing sheet  
layup, the locations of a l l  c o r e  sp l ices  and o ther  
in te rna l  s t ruc tu ra l  information a r e  recorded  to 
faci l i ta te  interpretat ion of the subsequent complete  

L ul t rasonic  inspection a f te r  a s sembly  i s  completed.  

The completed bulkhead assembly  is inspected for 
bonding integri ty  using an ul t rasonic  s q u i r t e  r 
through t ransmiss ion  and pulse  echo sys t em specif-  
ical ly  designed for  this purpose.  

VERTIC A 1, W E L D S  

Cylinder a s sembl i e s  a r e  fabricated by joining four q u a r t e r  panels by 
machine-fusion welding. These  ver t ica l  ( sp l ice)  welds a r e  X-ray  and 
f luorescent -penet ran t  inspected 100 percent  a f t e r  init ial  fabrication and 
again a f t e r  the pneumatic testing of the L H 2  tank assembly .  

- 5 -  
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C IRCUMFERENTIAL WELDS 

A l l  completed cy l inders  and bulkheads a r e  joined by machine-fusion 
welding. 
inspected a f t e r  init ial  fabr icat ion and again a f t e r  pneumatic tes t ing except 
fo r  the "J" sect ion weld, 
fabr icat ion only and is not penetrant- inspected on the inboard sur face  
because  of inaccessibi l i ty .  

A l l  c i rcumferent ia l  welds are X-ray  and f luorescent -penet ran t  

The "J" section weld is inspected a f t e r  init ial  

LH2 forward bulkhead 

Cylinder 6 

Cyl inder  5 

Cyl inder  4 

Cylinder  3 

n d e r  2 

nde r  1 

J" section of common bulkhead 
to  cyl inder  1 weld {"J weld)  

Common bulkhead to aft LO2 
bulkhead weld  (LO2 tank g i r th  
weld)  

- 6 -  
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MISCELLANEOUS WELDS 

The following weldrnents join detai l  p a r t s  t o  m a j o r  a s s e m b l i e s  and a r e  
ini t ia l ly  X-ray  and penet ran t  inspected at the  supp l i e r ' s  fac i l i t i es  before  
shipment  to the Sea l  Beach facil i ty.  
re inspec t ion  p e r f o r m e d  a f t e r  pneumatic  tes t ing of the LH 

These  welds  are  included because  of 
tank. 2 

LHz tank fuel  outlet  subassembly  P e n e t r a n t  - i n spe c t (both 
to q u a r t e r  panel butt  welds.  su r f aces ) .  X - r a y  inspec t  

f r o m  posit ion 8 o 'clock to 
4 o'clock only. ( F o u r  o'clock 
to eight o 'clock is not 
access ib l e  ) 

LH2 tank f i l l  and d r a i n  r ing 
butt weld 

Engine cutoff (ECO)  and  
rec i rcu la t ion  pump cas te l la ted  
bosses 

X - r a y  inspect  and penetrant-  
inspec t  both s u r f a c e s  

Pene t r an t -  inspec t  complete  

- 7  c 
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1 .O RADIOGRAPHIC INSPECTION PROCESSES 

1 . 1  RADIATION S A F E T Y  PROCEDURES 

T h i s  sect ion def ines  the procedures  used to opera te  X - r a y  machines  
sa fe ly  and efficiently a t  North Amer ican  Rockwell ' s  Space Division. 

The procedures  a r e  applicable to  all pe r sons  who opera te  o r  a s s i s t  in 
the operat ion of X - r a y  mach ines .  
accordance  with the safety provis ions and requi rements  defined in  the follow 
ing m a t e r i a l  

A l l  such operations a r e  per formed i n  

1 .  

2. 

3 .  

4 .  

5. 

6 ,  

Industr ia l  Safety Operat ions Standards - Book 2 ,  Par t  1 ,  
Section IV  

State of California Adminis t ra t ive  Code,  Title 17  

Radiological Health Handbook - U. S 
Education, and Welfare Public Health Serv ice  

Nondestructive Test ing Handbook, Volume I 

Cal i fornia  Radioactive Mate r i a l s  License  002 1-70 

N D T  Desk Instruction Number 10 - Standard Radiation Safety 
Procedures;  for the Sea l  Beach Fac i l i ty  Using Conventional 
X - r a y  Producing Machines 

Depar tment  of Heal th ,  

Deviations f r o m  the procedures  descr ibed  in Section 1 . 1  m a y  requi re  
p r i o r  approval  af the Space Division Radiation Safety Officer and responsible  
superv is ion ,  Nondestructive Test ing sec t ion ,  S-I1 Quality A s s u r a n c e .  

G E N E R A L  P R O C E D U R E S  

The procedures  d iscussed  in the following pa rag raphs  a r e  important  
for  safe  operat ion of X - r a y  equipment ,  and deviations a r e  not permit ted 
except  in accordance  with the provis ions noted here in .  

x 

The p resence  of supervis ion f r o m  the Nondestructive Test ing (h'D T 1 
sec t ion ,  5-11 Quality Assurafice (QA),  o r  a qualified representa t ive  of the 
NR S D  Radiation Safety Office (RSO) is requi red  for any radiographic  
e s p o s u r c  that cannot bc accomplished in accordance  with these  p r o c r d u r c s .  
In addition, a radiation monitoring r eco rd  ( F i g u r e  1 - 1 1 ,  used for a l l  X-ray  

- 9 -  
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W A C t  DNISIO)) 
NORTH AULIICAN R0CXWLL.L CORIOIATIOW 

RAMAWN MONlfO 18261 
DATE FACILITY BLDG No M P A R T U E N T  NO. 
SHIFT GRID LOCATION PROCEDURE OR T m  NO. 

Type of Radiation X-RAY: KV MA 
ISOTOPE N o m m c t a t w  Art iv iy  

(Cures) 

RADIATION PRODUCING DEVICE MODEL SERIAL NO, 
SURVEY INSTRUMENT MAKE - MOOEL- SERIAL NO. 

USER’S NAME 1 2- 3. 
DOSlME T E R NO 1 1 3. 
FILM BADGE NO 1 -  2. - 3. 

e 

(Note: Technician or R o d i g a p h r  in Chorp b e  L i n  1 

Bockground S u r w s  
os required 
- &-Not Subtroct 

(RECORD AT TWO-HWR INTERVALS) 

RAOlATlON AREAS I N  F E E T  

INVERSE SQUARE LAW UNRESTRICTED. J_.~)TRICTED-KIW RADIATION i;””’ 
- 11 ,- (DaY --I- --c 4 

I J  (DI)’ 

U;ed: - 
Thwknors of S(rioIding 
Used: 

yO+(lTOI 
INITIAL n?& m m i  T I M  W I A T I O N  

NO. Of OAY T U E  
1 1 1 I 

I I I 1 

ISOTOPES U i L Y  
RECORD ff PHYSICAL RADIATION SURVEY OF 

ISOTOPE IN WIELDED ST 

T im rl - -  
n&.oM.kr 
nm. 

MONITOR: 

J 

ln&rkkl Hy@orra L hhty Aw.*.I 

Figure 1- 1. Radiation Monitoring Log 
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opera t ions ,  wil l  be s igned b y  N D T  superv is ion  a n d / o r  a qualified 
r ep resen ta t ive  of the RSO indicating h i s  au thor iza t ion  to p e r f o r m  a non- 
s t a n d a r d  procedure .  
the back  of the appl icable  form. 

Reasons  for the specif ic  deviation( s )  wil l  b e  l i s t ed  on 

Al l  p e r s o n s  who ope ra t e  o r  v i s i t  a r e a s  where  exposure  to  X - r a y  is  
possible wil l  have a radiat ion exposure  film badge and a se l f - reading  pocket 
d o s i m e t e r  which shows m e a s u r e m e n t  va lues  in  mi l l i roentgens  ( m r ) .  E a c h  
pocket d o s i m e t e r ,  with a range  of 0 to  200 m r ,  is r ead  at t h e  s t a r t  and end 
of e a c h  work  shift  t o  m e a s u r e  the dai ly  amount  of radiat ion exposure  t o  which 
e a c h  employee  has  been subjected.  

E a c h  f i lm badge  I S  exchanged and  p r o c e s s e d  through the RSO on the 
15th day of e a c h  month o r  immedia t e ly  following a radiat ion incident  t o  
d e t e r m i n e  the total  m o n t h l y  amount  of radiat ion exposure .  

PROCEDURE 

X - r a y  Opera t ions  Within Enclosed,  Lead-L ined  Rooms 

A lead-lined r o o m  cons t i tu tes  a pe rmanen t  enc losu re  that is equipped 
with automatic  shutoff dev ices  f o r  X - r a y  mach ines  i f  e n t r y  to  the area is 
a t tempted  while rad iographic  ope ra t ions  a re  in  p r o g r e s s ,  The min imum 
r e q u i r e m e n t s  for qualification of personnel  to  o p e r a t e  X-ray equipment  
within lead-lined r o o m s  a r e  included in  the  following l ist inq.  (Refe rence  
NR SD Indus t r ia l  S2fety Opera t ions  S tandards ,  State  of Cal i fornia  Adminis -  
t r a t i v e  Code, Ti t le  17, and NR SD NDT Desk Ins t ruc t ion  Number  10 } 

1.  

2. 

3 .  

4 .  

5. 

Qualification of each  employee  by a cer t i f ied  N D T  s u p e r v i s o r  is  
r e q u i r e d .  

Successfu l  complet ion of a radiat ion physical  examinat ion and a 
p re l imina ry  br ie f ing  by the Radiation Safety Officer ( o r  h i s  
designated r ep resen ta t ive )  is  r equ i r ed  before  opera t ing  X -  ray  
e quipme n t e 

O p e r a t o r s  wil l  r ece ive  a m i n i m u m  of two hour s  on-the-job 
t ra in ing  b y  a cer t i f ied  r ad iog raphe r  for  e a c h  X - r a y  machine  
to be used .  

O p e r a t o r s  will  d e m o n s t r a t e  a sa t i s f ac to ry  leve l  of understanding 
and compctcnce  o r  prof ic iency  in  the use of X - r a y  equipment  
p r i o r  t o  opera t ing  mach ines  without su rve i l l ance .  

Opera t ing  pe r sonne l  will w e a r  a film badge plus appropr i a t e  
d o s i m e t e r  a t  a l l  t i m e s  while pe r fo rming  t h e i r  du t i e s .  

- 1 1  - 
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6 .  In the  event  any ac tua l  o r  purpor ted  radiat ion acc ident  o c c u r s ,  
Nondes t ruc t ive  Test ing superv is ion  will  be notified immedia te ly ,  

i cab le  port ions of Indus t r ia l  Safety Operat ions 
ill b e  implemented.  

S tandard  F ie ld -  Type X-Ray 0per; l t ions P e r f o r m e d  Without Enclosed ,  
Lead-Lined  Rooms 

E a c h  rad iographic  technician who ope ra t e s  X - r a y  mach ines  wil l  
p o s s e s s  a valid cer t i f ica t ion  i s sued  by the Training depa r tmen t  and approved 
b y  the Indus t r ia l  Safety d e p a r t m e n t .  
opera t ions  involving movemen t  of equipment  o r  a c t  a s  "guards"  to  s e c u r e  
l a r g e  rad ia t ion  a r e a s ,  provided tha t  safety i s  not impa i red ,  a l l  such pe r sonne l  
wi l l  t ake  d i r ec t ions  from the s e n i o r  cer t i f ied  rad iographer  ass igned  to  the 
t a s k  and p r e s e n t  in the a r e a .  

Noncertif ied personnel  may a s s i s t  in 

Safety-approved types  of co l l ima to r s  a r e  used  fo r  X - r a y  exposures  
not p e r f o r m e d  i n  lead-l ined enc losu res .  
a t  d i s t ances  i n  e x c e s s  of 2 inches  (1. e . ,  f r o m  the end  of the co l l imator  to 
the p a r t )  wil l  r e q u i r e  w r i t t e n  approval  of N D T  superv is ion  o r  the RSO be fo re  
proceeding  i f  the condi t ion i s  not shown i n  the specif ic  sequences  shown in 
F i g u r e s  1 -2  through 1-18. (See  end  of sect ion.  ) 

T a s k s  p e r f o r m e d  with co l l ima to r s  

F o r  all norma l  rad iographic  exposures ,  l ead  ( o r  lead- impregnated  
vinyl s t r ipp ing)  backup shielding is posi t ioned to a t tenuate  all p r i m a r y  and 
secondary  s c a t t e r  rad ia t ion  to  a m a x i m u m  leve l  of 2 m r  p e r  hour  when 
m e a s u r e d  at a d i s t ance  of 3 feet  f r o m  the object.  
c lo se  a s  poss ib le  to the object  being X-rayed .  
i n -boa rd  a r e a s  of S-I1 s tage  c i r cumfe ren t i a l  cy l inder  welds  provided that 
pe r sonne l  a r e  evacua ted  and a c c e s s  to the ins ide  a r e a  is completely blocked 
o r  guarded  Plac ing  shielding m o r e  than 2 inches  f r o m  the object  r e q u i r e s  
p r i o r  approval  of N D T  supe rv i s ion  or  the RSO i f  not shown i n  the sequences  
i n  F i g u r e s  1-3  through 1-19. 

Shielding is placed a s  
A n  exception i s  allowed for  

, 
The s t a n d a r d  p r a c t i c e  of l imi t ing  radiat ion to 2 m r  p e r  hour  when 

m e a s u r e d  a t  a & s t a n c e  of 3 fee t  f r o m  the object  i s  used  a s  a guide only. 
Wheneven feas ib le ,  all rad ia t ion  exposures  a r e  reduced  to a l e s s e r  value 
(0. 5 m r  p e r  hour  o r  l ess  when m e a s u r e d  a t  a d is tance  of 3 fee t  f r o m  the 
object) .  
condi t ions ex i s t .  

Nondes t ruc tuve  Tes t ing  supe rv i s ion  d e t e r m i n e s  when feas ib le  

Before  au thor iz ing  a n  X - r a y  machine  to be energ ized ,  the respons ib le  
rad iographic  i n s p e c t o r  e n s u r e s  tha t  a l l  nonmonitored pe r sonne l  a r c  c l e a r  of 
a n y  a r e a  designated as a "radiat ion" o r  "control led" a r e a .  
a l s o  a s s u r e s  that all mon i to red  pe r sonne l  a r e  posit ioned outs ide the p e r i m -  
e t e r s  of any potent ia l  h igh- rad ia t ion  a r e a .  

Th i s  inspec tor  

- 12 - 
S D  70-556-1 



t 2 Space Division 
North American Ro 

Warning l ights  and  a n  audible warning alarm signal  a r e  used  when 
per forming  all rad iographic  exposures .  
is located a t  e a c h  tubehead emiss ion  point,and one l ight is positioned a t  
e a c h  cont ro l  console .  Whenever necessa ry ,  a n  additional warning light 
wil l  be placed on any appropr i a t e  object or s t r u c t u r e  that is adjacent  to 
the backup shielding o r  film area.  

A minimum of one warning light 

When us ing  the S p e r r y  275-kilovolt peak (kvp) X-ray  uni t ,  addi- 
t ional warning l ights  are requi red .  F o r  this  spec ia l -purpose  uni t ,  the 
min imum r e q u i r e m e n t s  f o r  the  use  of warning l ights and s igns a re  depicted 
in  F i g u r e  1-7. 

Radiation su rvey  m e t e r s  a r e  used to  monitor  all a r e a s  subject  to 
potential  radiat ion dur ing  each  in-tool type of radiographic exposure .  
equipment  is se lec ted  f r o m  those  i t e m s  approved by the Industr ia l  Safety 
depa r tmen t .  
e n e r g i e s ,  and leve ls  of radiat ion expected to be encountered.  
number  of i n s t rumen t s  is used to  evaluate  the en t i r e  control led a r e a  for  
radiat ion leve ls .  
exposures ,  supplementa l  su rveys  a r e  made  any t ime the se t  conditions 
change f r o m  those  es tab l i shed  dur ing  the f i r s t  exposure .  Rega rd le s s  of the 
number  of s u r v e y s  made  to  evaluate  the radiat ion h a z a r d ,  the total  number  
of exposures  i s  indicated on the Radiation Monitoring Record  ( F o r m  980-5-5). 
The ene rgy’ l eve l s  and tube c u r r e n t  uti l ized a r e  a l s o  indicated on this  f o r m .  
Direc t  surve i l lance  by cer t i f ied  personnel  is  exe rc i sed  over the en t i r e  r ad ia -  
tion a r e a  when X - r a y  opera t ions  a r e  in p r o g r e s s .  

Survey 

Selected in s t rumen t s  m u s t  be  capable of measu r ing  the types ,  
A sufficient 

During a repet i t ious o r  a cyclic s e r i e s  of radiographic  

Each  radiat ion su rvey  m e t e r  i s  t es ted  before  each  use to a s s u r e  
operat ional  capabili ty.  Faul ty  m e t e r s  a r e  not u sed .  Survey m e t e r  readings 
a r e  en te red  on F o r m  980-5-5 in acco rdance  with exis t ing safety p r o c e d u r e s .  

When using the f ie ld-emiss ion  pulse uni t ,  a spec ia l  dos ime te r  ass igned  
T h e  to  the machine is placed about 1 2  inches f r o m  the object to be X- rayed .  

exac t  d i s tance  and the recorded  reading a f t e r  each  exposure  is en tered  on 
F o r m  980- J -  5 .  

Note The present ly  ass igned  su rvey  m e t e r s  do not indicate the 
radiat ion intensi ty  leve l  when the pulse-type of unit is 
used  ( s e e  F i g u r e  1-8  fo r  typical s e tup ) .  

In the event  of any radiation exposure  to personnel  that is suspec ted  
t o  exceed the acceptab le  l eve l ,  the machine is immediately shut  down and t h e  
p roccdurcs  outlined i n  Industr ia l  Safety Opera t ions  S tandards  a r e  p e r f o r m e d .  
Nondestructive Tes t ing  superv is ion  is  contacted a s  soon  a s  poss lb lc  fo r  
additional ins t ruc t ions .  

SD 7 0 - 5 5 6 - 1  
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a withholding tag 
Form M59-B ( F i g u r e  1-19) is a t tached to the equipment and  the d iscrepant  
condition r epor t ed  to NDT superv is ion  irnmedlately upon discovery.  

Nonstandard F i e l d  Type X-Ray Opera t ions  P e r f o r m e d  Without Enclosed, 
Lead-Lined Rooms 

Al l  out-of-sequence X- ray  inspection r eques t s  r equ i r e  p r i o r  approval  
of respons ib le  N D T  s u p e r v i s o r s  who evaluate  each  reques t  to  substant ia te  
the need for such  r equ i r emen t s .  Written approval  is acknowledged on the 
applicable radiat ion monitor ing r e c o r d .  

When poss ib le ,  all out-of-sequence exposures  a r e  made under  the 
When i t  i s  not possible  same conditions as planned sequence exposures .  

o r  feas ib le  to  a t tenuate  radiat ion to the maximum 2-mr-per-hour  intensity 
l eve l  at a 

1.  

2 .  

3 .  

4 .  

dis tance  of 3 f ee t ,  the following additional r equ i r emen t s  then apply 

The d is tance  encompass ing  the 2-mr-per-hour  radiation l imi t  i s  
computed by the respons ib le  radiographic  inspector ,  and a safety 
area p e r i m e t e r  g r e a t e r  than 3 fee t  is es tab l i shed .  The d is tance  
f o r  the newly es tab l i shed  p e r i m e t e r  is en tered  on F o r m  980-3 -5  

B a r r i c a d e s  o r  o ther  en t ry  r e s t r i c t ions  a re  placed a t  the newly 
es tab l i shed  p e r i m e t e r .  

Warning s igns  a r e  placed a t  s t r a t eg ic  points around the p e r i m e t e r .  
Warning l ights a r e  used at  s t r a t eg ic  locations (for  example ,  t h e  
p e r i m e t e r ,  doorways,  e t c . )  i f  n e c e s s a r y  in additlon t o  the  warn-  
ing l ights a t  t h e  tube and the  console. 

D i rec t  surve i l lance  by cer t i f ied  personnel  i s  e x e r c i s e d  over  the 
radiat ion a r e a  when X- ray  operat ions a r e  in p r o g r e s s .  

Out-of-sequence exposures  a r e  per formed in  accordance  with the 
m o s t  appl icable  of the sequences  shown in F i g u r e s  1-8 o r  1-12. 

When repet i t ious exposures  a r e  requi red ,  a Job Improvement  Request  
(JIR),  F o r m  M29-E, is  init iated to  p r o c u r e  tooling f i x t u r e s  and assoc ia ted  
shielding. 

The f i e ld -emiss ion  pulse unit will  not be used  without a co l l imator  
except  a s  specif ied h e r e i n  

Again, i f  a radiat ion accident  or incident o c c u r s ,  Nondestructuve 
Test ing superv is ion  i s  notifled immedia te ly ,  and the appl icable  port ions of 
Indus t r ia l  Safe ty  Opera t ions  S tanda rds  a r e  implemented.  



Attenuation Ass is tance  Tables  

Occasionally,  there  i s  a requirement  to pe r fo rm unscheduled X-ray  
inspect ion t a sks  i n  a r e a s  with no normal  tooling provisions.  
because these tasks  a r e  usually a one-time requi rement ,  i t  would be 
uneconomical to provide special  tooling for  such inspec tion requi rements  
To provide f o r  these nonstandard requi rements ,  provisions have been 
included to accomplish the procedures  in  an eff ic ient  and safe  manner .  
Tables  1-1, 1-2, and 1-3 a r e  used a s  guides to faci l i ta te  computing rad ia-  
tion a r e a  p e r i m e t e r s  and es tab l i sh  radiation shielding requi rements .  The 
m e a s u r e m e n t s  and values  in  the tables  contain al l  the information necessa ry  
to compute the s h i e l d n g  and safe-dis tance requi rements  for  any type of X-ray  
operation. The 21-inch focal  f i lm distance in Table 1-1 i s  the distance f r o m  
the tubehead focal  point to the end of the normal  col l imator  length used, and 
the m / r e m  p e r  hour  l i s t ed  a r e  the average  output of the X-ray  machines .  

Normally,  

Table 1- 1. Guide fo r  Determining Number of Mill iroentgens 
Equivalent to Man ( M / R E M )  V e r s u s  Kilovoltage 

and Foca l  F i lm  Distance ( F F D )  Used 

F o c a l  F i l m  

C om puta ti on S te ps  

1 .  Establ i sh  the approximate number of M/REM-the figure located 
in  the block horizontal  with t h e  F F D  to be used and ve r t i ca l  in  
alignment w i t h  the kv to be used .  

2 .  Multiply the figure establ ished per Step 1 by the number of 
mi l l i amperes  ( m a )  to  be used a s  determined f rom the applicable 
machine set t ing technique cha r t  to compute radiation intensity ( E ) .  

Example  E 7 M / R E M  ( f rom Table 1-  1 )  X MA 

.. 1 5  - 
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Table 1 - 2 .  Guide for Determining Number of Half-Value Laye r s  
(HVL) of Shielding Required to  Reduce Radiation Intensity (E)  
to  One Milliroentgen Equivalent to Man Per Hour ( M / R E M )  

__j of HVL 

14 
15  
16 
17 
18  

Radiation Radiation 
Intensi ty  Number Intensity 

(E) of HVL (E) 
8 ,192  

16 ,384  
32 , 786 
65,536 

131,072 
262 , 144 

19 
20 
21 
22 
23 
24 

524 ,288 
1 , 048,576 
2 ,097 ,152  
4 ,194 ,304  
8 ,388 ,608  

16 ,777 ,216 

3 .  To es t ab l i sh  the number of HVL required to reduce the radiation 
level  t o  one M / R E M  p e r  hour ,  se lec t  the next higher value of E 
f r o m  Table  1-2  that mos t  approximately cor responds  to  E 
computed per  Step 2 .  

Example  If E (computed f r o m  Step 2 )  i s  12 ,500 ,  s e l ec t  HVL 
number  of 14 ( E  = 16,384) .  

Table 1 -  3 .  Guide for  Determining Thickness  of Lead-Shielding 
To Be Used for Half-Value Laye r s  (HVL) 

V e r s u s  Kilovoltage Used 

0.007 inch 0 . 0 3 2  inch 

4-a .  T o  es tab l i sh  the thickness  of lead-shielding to  be used  for  a 
given opera t ion ,  multiply the thickness shown in Table 1-3 
for  kv being used by the number  of H V L  computed pe r  Step 3 ,  
Table 1-2 

Example If the HVL is 14 and the kv is  70,  the thickness  of 
lead requi red  is 0.098 inch f i .e . ,  0.007 x 14 = 0 . 0 9 8 ) .  

- 16 - 
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4-b. To es tab l i sh  the thickness  of lead- impregnated  vinyl to b e  used  
for the same operation, mult iply the resu l tan t  f igure  calculated 
per Step 4-a b y  a f ac to r  of four.  

Example.  0.098 x 4 = 0 .392  

Safety Guides 

F i g u r e s  1-2 through 1-18 a r e  used  as bas i c  guides to e n s u r e  that 
n e c e s s a r y  safety precaut ions  a r e  observed  during all radiographic  opera t i  
not pe r fo rmed  within a lead-l ined room 
not s i m i l a r  to those i n  the re ferenced  i l lus t ra t ions  a r e  r e f e r r e d  to a 
nondestruct ive testing supe rv i so r  f o r  c lar i f icat ion 

Conditions encountered that a r e  

S D  70-556-1 
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5 .  
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SA F ETY R EQU IR EM ENT S 

WARNING LIGHTS@ - A minimum of one light a t  the machine 
console and one light a t  each tubehead i s  required. 
SHIELDING@ - 1/8-inch Lwdex i s  used to attenuate the primary 
radiation level to 2 MR per hour or less at  a distance of 3 feet. 
COLLIMATORS @ - Are used for a l l  exposures and positioned as 
close to the part as i s  practicable, 
LEAD ATTENUATOR - Plugs or caps are used on each tubehead or 
collimator during warmup periods and when radiographer i s  not in 
attendance . 
COMMUNICATION - Direct visual and verbal contact i s  employed. 
HOLDING FIXTURE @ - A mechanically adjustable fixture, safely 
secured to a work stand, i s  utilized. 
BARRIERS - Radiation warning signs to prevent entry into radiation 
areas are placed across the inside stairwell and the workstand ladder. 
MONITORING - Radiation levels are measured and logged for each 

Figure 1 - 3 .  F o r w a r d  Facing Sheet W e l d s ,  ‘D ’ V i e w s  
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No&AmencanRodtvvelf 

SAFETY R EQU 1 REM EN TS 

1.  

2. 

3. 

4. 

5 .  

6 ,  

7. 

8. 

WARNING LIGHTS @ - A minimum of one light at the machine 
console and one light a t  each tubehead i s  required. 
SHIELDING@ - 1/8-inch Leadex i s  used to attenuate the 
primary radiation level to 2 MR per hour or less at a distance of 
3 feet. 
COLLIMATORS @ .. Are used for a l l  exposures and positioned 
as close to the part as i s  practicable. 
LEAD ATTENUATOR - Plugs or caps are used on each tubehead 

‘or collimator during warmup periods and when radiographer i s  not 
in attendance 
COMMUNICATION - Direct visual and verbal contact i s  
employed. 
HOLDING FIXTURE @ - A mechanically adjustable stand, 
safely secured, i s  uti l ized. 
BARRIERS - Radiation warning signs to prevent entry into the 
radiation area are placed across the tool entrance. 
MONITORING - Radiation levels are monitored and logged 
for each exposure. 

Figure 1-4. Forward Facing Sheet Welds ,  “D” Views 
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Space Division 
North Amerlcan Rockwell 

1. 

2. 

3. 

4. 

5 ,  

6 .  

7. 

SAF FTY R EQU I R  EMENTS 

WARNING LIGHTS@ - A minimum of  one light a t  the machine 
consofe and one light at each tubehead i s  reauired. 
SHIELDING@ - 1/8-inch lead sheeting attached to the ladder 
i s  centered over the film and weld for attenuation of radiation. 

ATORS @ - Are used for a l l  exposures and positioned 
to the part as i s  practicable. 

LEAD ATTENUATOR - Plugs or caps are used on each tubehead 
or collimator during warmup periods and when radiographer i s  not 
in attendance. 
COMMUNICATION - Direct visual and verbal contact i s  
employed . 
radiation area are placed across the stairwell inside the tool and 
the laddei on the outside of  the tool. 
,MONITORING - Radiation levels are monitored and logged 
for each exposure. 

S - Radiation warning signs to prevent entry into the 

F i g u r e  1-5. Bulkhead h3eridian W e l d s  (Stationary Tooling) 
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F i g u r e  1-7. D e b r i s  Sea rch  Radiographs (Sperry 275-kv Uni t )  
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Space Division 
MxthAmencan Rockwelt 

1, 

2, 

3, 

4. 

5 .  

6 .  

7. 

8, 

SAFETY REQUIREMENTS 

WARNING LIGHTS @- A minimum of one tight at the machine 
console and one light a t  each tubehwd i s  required. 
SHIELD1 NG @ - l/&inch/lead-impregnated vinyl i s  used to 
attenuate the primary radiation level to 2 mr per hour or less at  
a distance of 3 feet. 
COLLIMATORS 0 - Are used for a l  I exposures and p s i  tioned 
as close to the part as i s  practicable, 
LEAD ATTENUATOR - Plugs or caps are used on each tubehead 
or collimator during warmup periods and when radiographer i s  not 
in at tendance. 
COMMUNICATION@ - Positive verbal communication i s  
established between the machine operator and the radiographer 
inside the bulkhead. 
BARRIERS - If backup shielding i s  not used, radiation warning 
signs are placed at three doors leading into Station V and across 
the stairwell leading to the platform beneath the bulkhead 
entrance. Two guards are posted within the station to prevent 
entry of unauthorized personnel into the radiation area. 
MONITORING - Radiation levels are monitored and logged 
for each exposure. 
HOLDING FIXTURE 0- A mechanically adjustable tripod, 
safely secured, i s  utilized, 

Figure 1-10. Forward LHz Bulkhead Meridian and Dollar Welds 
(Post-Pneumatic Tes t  Evaluation, Station V) 
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4. 

5 ,  

6. 

7. 

8. 

Space Division 
North American Rockwell 

SAFETY REQUIREMENTS 

WARNING LIGHTS @ - A minimum of one light at the machine 
console and one light at each tubehead i s  required. 
SHIELDING@- 1/8-inch Leadex i s  used to attenuate the 
primary radiation level to 2 MR per hour or less at a distance of 
3 feet. 
COLLIMATORS 0- Are used for a l l  exposures and positioned 
as close to the part as i s  practicable. 
LEAD ATTENUATOR - Plugs or caps are used on each tubehead 
or collimator during warmup periods and when radiographer i s  not 
in attendance. 
COMMUNICATION - Direct visual and/or verbal contact i s  
employed. 
HOLDING FIXTURE - A mechanically adiustable stand, safely 
secured, i tilized. 
BARRIERS D - Barriers are established using Magenta rope to 

Item 2. Radiation warning signs are used to restrict entry o f  
unmonitored personnel into radiation areas. 
MONITORING - Radiation levels are monitored and logged 
for each exposure. 

assure comp v iance with radiation level requirements defined in  

1 r 

Figure 1 - 1  1. Bulkhead D o l l a r  W e l d s  (Turnover Fixture) 
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Space Division 
No& Amencan Rockwell 

SAFETY REQUIREMENTS 

1. 

2, 

3. 

4, 

5. 
6 .  

7. 

a. 

WARNING LIGHTS @- A minimum of one light a t  the machine 
console and one l igh ta t  each tubehead i s  required. 
SHIELDING @ - 1/8-inch Leadcx is used to attenuate the 
primary radiation level to 2 MR per hour or less at a distance 
of 3 feet. 
COLLIMATORS @ - Are used for a l l  exposures and positioned 
as close to the part as i s  practicable. 
LEAD ATTENUATOR - Plugs or caps are used on each tubehead 
or collimator during warmup periods and when radiographer i s  not 
in attendance. 
COMMUNICATION - Direct visual and verbal contact i s  employed. 
HOLDING FIXTURE @ - A mechanically adjustable stand, safely 

BARRIERS 0- A barrier i s  established using Magenta rope to assure 
compliance with radiation level requirements defined in  Item 2. 
Radiation warning signs and red warning lights are placed in 
appropriate locations. Direct physical surveillance i s  also maintained 
during each exposure cycle to prevent entry of unauthorized personnel 
into radiation area. 
MONITORING - Radiation levels are monitored and logged for 
each exposure. 

'attached or secured to a workstand, i s  utilized. 

PETAII  X b 

F i g u r e  1 - 12. Miscel laneous Out-of-Sequence Radiographs ( E l e c t r i c a l  
Connec to r s ,  I ns ta l l ed  Lines ,  Valves,  Etc.)  
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Space Dlvision 
North Amencan Rockwell 

1. 

2. 

3. 

4. 

5 .  

6 .  

7. 

SAFETY R EQU I R EM ENTS 

W A R N l N G  LIGHTS @ - A minimum of one light at  the machine 
console and one light a t  each tubehead i s  required. 
SHIELDING@- 1/8-inch lead sheeting attached to the ladder 

rodia t i  on I 

as close td the part as i s  practicable. 

over the weld and f i lm to attenuate the primary 

RS @ - Are used for all exposures and positioned 

UATOR - Plugs or caps are used an each tubehead 
during warmup periods and when radiographer i s  not 

TION @ - Positive verbat communication i s  

exposures and the radiographic operator inside the structure, 
BARRIERS - Radiation warning signs are placed across the man-hole 

the ultrasonic tool. The machine operator i s  also 
o ensure surveillance of both the man-hole entrance and 

een. the machine operator rotating the tool between 

the exterior area of exposure (ladder) to prevent entry of unauthorized 
the radiation zone. 

1NG - Radiation levels are monitored and logged for 

Figure 1-15 .  Bulkhead W e l d s  (Post-Hydrostatic Test 
Evaluation, Ultrasonic Tool) 
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Space Division 
North Amercan Rockwell 

SAFETY REQUIREMENTS 

1. 

2. 

3. 
4. 

5 ,  
6 ,  

7. 

8. 

WARNING LIGHTS@ - A minimum of one light at  the machine 
console and one light at each tubehead i s  required. 
SHIELDING - An autoclave cover i s  used over the structure 
whenever possible 
COLLIMATORS 6 - Are used for a l l  exposures. 
LEAD ATTENUAT Q R - Plugs or caps are used on each tubehead 
01 collimator during warmup periods and when radiographer i s  not 
in attendance. 
COMMUNICATION - Direct visual and verbal contact i s  employed, 
HOLDING FIXTURE 0- A mechanically adjustable stand or 
howizter, safely secured, i s  utilized. 
BARRIERS @ - When the autoclave cover i s  not positioned over 
the structure, a six-foot safety area around the circumference of 
the tool is established using Magenta rope, radiation warning signs, 
and/or lights. The machine operator and the radiographer, working 
as setup men, act as guards, positioning themselves on the outside 
to allow 100 percent surveillance of the area to prevent entry of 
unauthorized personnel into the radiation zone. When the cover i s  
i n  place, only the zone inside the bulkhead i s  considered a radiation 
area and i s  monitored to prevent entry. 

each exposure. 
MONITORING - Radia.tion levels are monitored and logge 

AUTOCLAVE 

Flgure  1- 17. Common Bulkhead Void Ind ica t ion  Evaluations (Rework Tool) 
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1. 

2. 

3. 

4. 

5.  

6. 

7. 

80 

SAFETY REQUIREMENTS 

WARNING LIGHTS @ - A minimum of one light a t  the machine 
console and one light a t  each tubehead i s  required. 
SHIELDING @- 1/8-inch laadex i s  used to attenuate the 
primary radiation level to 2 MR per hour or less at  a distance of 
3 feet. 
COLLIMATORS 0 - Are used for a l l  exposures and positioned 
as close to the part as i s  practicable. 
LEAD ATTENUATOR = Plugs or caps are used on each tubehead 
or collimator during warmup periods and when radiogropher i s  not 
in attendance. 
COMMUNICATION @ - Positive verbal communication between 
the machine operator, the man rotating the stage, and the 
radiographer inside the structure i s  employed. 
HOLDING FIXTURE 0- A portable X-ray tube holding stand, 
safely secured, i s  utilized. 
BARRIERS - Appropriate radiation warning signs are placed around 
the stage transporter to assure compliance with radiation level 
requirements defined in Item 2 and to prevent entry o f  unauthorized 
personnel into the radiation area, NOTE: A stud finder and Magnet 
check i s  used at  random locations to assure that correct collimator 
alignment i s  achieved. 
MONITORING - Radiation levels are monitored and logged for 
each exposure. 

i I f !liU 

@ 

J 

F i g u r e  1-18. Cy l inder  6 F o r w a r d  LH2 Bulkhead Welds After  
of F o r w a r d  Sk ir t  Assembly 
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Space Division 
North Amencan Rockwell 

Figure  1-19. F o r m  M59-B 
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Space Division 
Nortb Amerrcan Rockwell 

1.2 WARMUP AND CHECKQUT INSTRUCTIONS AND 
PROCEDURES FOR X-RAY MACHINES 

This  sect ion d e s c r i b e s  the sequence used dur ing  X-ray machine 
w a r m u p  a n d / o r  checkout opera t ions  * 

All personnel  operat ing X - r a y  machines  should be cognizant of the 
T h e s e  p rocedures  a r e  followed to p rocedures  contained in th i s  sec t ion .  

a s s u r e  personnel  safety and prec lude  inadvertent  damage  to  X-ray  equip- 
m e n t  (tube s ) .  

Any X-ray  machine that  h a s  not  been in use  dur ing  the  previous fou r  
hour s  is w a r m e d  u p  p r i o r  t o  use in accordance  with the instruct ions defined 
he re in .  As soon as prac t icable ,  any  X-ray machine rece ived  a f t e r  main te-  
nance  is w a r m e d  u p  and checked out in  acco rdance  with the following 

1. A lead plug is instal led i n  the tubehead co l l imator  a t tachment  t o  
a t tenuate  radiat ion leakage  t o  0. 5 or  less  mr a t  a d is tance  of 3 feet .  
Attenuation can  a l s o  be accomplished with the  co l l imator  installed 
by placing a lead c o v e r  plate o v e r  the end of the col l imator .  

2. T h e  appl icable  precaut ions  of Section 1. 1 m u s t  be observed  p r i o r  
to  energizing the machine.  

3.  At the t i m e  of the machine warmup,  the a rea  completely around 
the tubehead (360  d e g r e e s )  is  surveyed with a radiation s u r v e y  
m e t e r  f o r  a n y  radiation leakage.  Any unusually high radiation 
readings  a r e  cause  for  immedia t e  shutdown of the  X-ray  machine 
The  o p e r a t o r  a t t aches  a withholding t a g t o  the machine a n d  notifies 
the N D T  Superv i so r  of the defective equipment.  

4. The  sequent ia l  w a r m u p  p rocedure  i s  accompl ished  a s  follows 

a. S t a r t  machine a t  50-percent  voltage and c u r r e n t  

150-kv uni ts  - 7 5  kv 

100-kv uni ts  - 50 kv 

275-kv unit - 150 kv 

6 ma 

4 ma 

5 ma 

SD 7 0 -  5 5 6 -  1 



Space Division 
North Amencan Rodtwell 

b. Increase kv and ma outputs i n  inc remen t s  of approximate ly  
10 percent  while operat ing the  machine for approximate ly  
4 minutes  p e r  i n c r e m e n t  until the output requi red  for the  
task is  reached.  

c.  Prior to  shutting the uni ts  down, a l low the cooling s y s t e m  to 
ope ra t e  a n  additional 10 minutes  a f t e r  completion of a n y  
exposure  or s e r i e s  of exposures .  

NOTE If the  X - r a y  machine h a s  been i n  operat ion 
during the preceding four hours ,  no  warmup  
is  necessa ry .  

SD 7 0 - 5 5 6 - 1  



Space Division 
North Amercan Rockwell 

1 3 RADIOGRAPHIC INSPECTION O F  WELDS AFTER FABRICATION 
AND PRESSURE TESTING 

Th i s  sect ion p resen t s  detailed sequences  followed by Quality As s u r -  
ance  personnel  i n  per forming  radiographic  inspections of Sa turn  S-I1 I I-12 
and LO2 t a n k  welds Xvith conventional X- ray  producing r n a c h i n e s  

Personnel  n h o  pe r fo rm Spturn S-I1 radiographic  inspcction o p c r a t i o r s  
m u s t  be cnEnizant of the information contained hc rc in  
each  sequence a s s o c i a t e d  tLith radiographic  inspection of the  \ a r i o u s  t\ elt ls  
contained i n  t h e  Saturn S-I1 propel lant  tanks These  instruct ions should be 
used  in  conjunction with the requi rements  specified in  NR S D  Quality 
Cont ro l  Specification MQO 50 1-007, 'Inspection, Radiographic,  and NDT 
Desk Instruct ion No. 10, S tandard  Radiation Safety P r o c e d u r e s  for the 
Seal Beach  Faci l i ty  Using Conventional X- ray  Producing Machines ' The 
radiographic  inspection r equ i r emen t s  a f t e r  p r e s s u r e  testing a re  a s  specified 
i n  NR S D  Inspection and T e s t  Instruct ions,  ITI-3525, Special  Inspection 
Verif icat ion - Propel lan t  Tanks  I '  

This  sect ion d t . * s c r i h e ;  

Ce r t a in  bas i c  equipment  is e s sen t i a l  to p e r f o r m  any radiographic  
operation. 
tion 1. 3. 
e a c h  t a s k  descr ipt ion a r e  cons idered  essent ia l  t o  that  pa r t i cu la r  operation. 

T h e  following equipment i s  common to  al l  t a s k s  descr ibed  i n  Sec- 
However,  t he  additional a c c e s s o r y  equipment i tems presented  under 

1 

2 

3.  

4 .  

5 

6 

7. 

8 

9 

F i l m  badge and d o s i m e t e r  

Radiation log shee t  (Form 9 8 0 - 5 - 5 )  

Radiation su rvey  m e t e r  (cal ibrated)  

X-ray  tubehead co l l imator  

X-ray  machine (including assoc ia ted  controls ,  pouper genera tor ,  
cooling unit, and warning l ights) 

X- r ay  tubehead holding fixture 

X- ray  machine exposure  cu rve  

Mate r i a l  thickness  c h a r t  

Pcnet  r a m e t e  rs 

- 39 - 
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10. X-ray cont ro l  number  

11. Indus t r ia l  X - r a y  film 

Space Oivfsion 
North Amerlcan Rockwell 

Identification be l t s  have been  p repa red  for m o s t  of the tank and bulk- 
head welds. 
with a n  X-ray opaque m a t e r i a l  in  i nc remen t s  to or ien t  the radiographs to  
the specif ic  locat ion on the assembly .  The  impregnated material provides  
a dens i ty  con t r a s t  on the  film tha t  will fully identify the needed or ientat ion 
but will  not c a u s e  eye  d i scomfor t  during the radiographic  interpretat ion.  
T h e  number  be l t s  p r e p a r e d  f o r  the  c i rcumferent ia l  welds  and ve r t i ca l  weld 
splices a r e  divided into inch inc remen t s  and contain t r iml ine  identification 
m a r k e r s  All  bc l t s  contain r e fe rence  m a r k e r s  that  index the be l t s  to  r e fe r -  
ence  m a r k s  etched on the a s sembl i e s .  

T h e s e  be l t s  are  m a d e  of a flexible Mylar  m a t e r i a l  impregnated 

F i g u r e  1-20 shows a p repa red  number  bel t  for a c i rcumferent ia l  weld,  
a su rvey  m e t e r ,  a pocket dos ime te r ,  a film badge, t h r e e  p e n e t r a m e t e r s ,  
and a s t r i p  of indus t r ia l  X- ray  film. 

1. 3. 1 BULKHEAD MERIDIAN WELDS AFTER FABRICATION 

SDecial EauiDment and Mate r i a l s  Reauired 

A, Lead identification mark ings  

1. Continuous individual n u m b e r s  0 through 24 (continuous 
individual numbers  0 through 21 for the aft LO2 bulkhead 
only 1 

2. L e t t e r s  ENTL (equator ia l  net  t r iml ine )  and D N T L  (dol la r  
net t r iml ine )  ( L e t t e r s  A, B1, B2,  C ,  and D for the common 
bulkhead forward facing eheet only) 

NOTE P r e p a r e d  number  be l t s  m a y  be  used in l ieu  
of the above. 

3 .  X - r a y  cont ro l  number  

B. Indus t r ia l  X - r a y  film (Kodak, type "M ' 1  70 mm 

1.  Two f i lm s t r i p s ,  each 21  feet in length,  for the forward  
facing shee t ,  the af t  facing sheet ,  and the forward  L H 2  
bulkhead 

2. Two film s t r i p s ,  each  1 R  feet  in length, for the af t  LO2 
bulkhead. 

- 40 - 
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Space Dbvision 
North Amerlcan Rockwell 

3. Four additional f i lm  s t r ip s ,  each  12 inches in  length, for  
the forward  facing shee t  "J" sect ion 

4, One s t r i p  cut t o  1-1 /2  inches in  width and 6 inches in  length 
also f o r  the "J" sect ion 

P r o c e d u r e  f o r  Inspection 

A. Placemen t  of identification markings  

1. P l a c e  X-ray  view number identification m a r k e r s  on the 
inside su r face  of the bulkhead. Numbers  a r e  t o  be located 
on the left-hand s ide,  facing weld f r o m  the inboard s ide 
an X-ray  view number belt i s  used, it is a l s o  placed on tGe 
left-hand s ide  inboard sur face  1 / 4  inch f r o m  the edge of 
the weld. 

If 

2. P l a c e  view number "0" a t  the ENTL adjacent  t o  the weld on 
all bulkheads except  the forward facing sheet  where  view "0"  
will be placed 3 310 inches above the ENTL. The 3 310-inch 
dimension i s  located a t  the radius  of the 0 220-inch-thick 
m a t e r i a l  t o  the 0 125-inch ma te r i a l .  (See F igu re  1-24. ) 

3. P l a c e  an  a r r o w  m a r k e r  with the identification ENTL on the 
right-hand s ide,  adjacent t o  the weld identifying the equator ia l  
net  t r iml ine .  , 

4. Posi t ion view numbers  numerical ly  on the left-hand s ide  of 
the weId, s ta r t ing  f r o m  the equator ia l  net t r iml ine  to  the dol lar  
net  t r iml ine  in 10-inch increments .  

5. P l a c e  an a r r o w  m a r k e r  with the identification DNTL on the 
right-hand s ide,  adjacent t o  the weld identifying the dol la r  
net  t r iml  ine 

B. P lacemen t  of X - r a y  f i lm 

1, P l a c e  one 2 1-foot s t r i p  of X - r a y  film on the e x t e r i o r  
(outboard)  su r face  of the weld taking c a r e  to  a s s u r e  that  the 
f i lm  is cen te red  over  the weld and over laps  the edges of the 
panels  a t  both ends .  

2. Rotate the contour ladder on which the lead backup shielding i s  
s ecu red  t o  a position d i rec t ly  over the weld. (See  F igu re  1-21. ) 

- 42 - 
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1, 

2. 

3. 

4. 

5 .  

Space Division 
North American Rockwell 

C. Setup of X - r a y  equipment ( F i g u r e  1-2 1. 

Pos i t ion  the X- ray  machine! (100-kv tubehead) as n e a r  as 
poss ib le  to  the underneath s ide  of the bulkhead a s s e m b l y  
tool. 

I n s e r t  the X- ray  tubehead through the  squa re  hole in  the 
f loor  of the bulkhead a s sembly  tool. P rov ide  a sufficient 
length of tubehead cable  t o  r e a c h  the apex  of the bulkhead. 

S e c u r e  the  X - r a y  tubehead into the  ska te  f ixture  ( F i g -  
u r e  1-22). 

Remove the lead protect ive cover  (plug) and ins ta l l  the col l i -  
m a t o r  ( F i g u r e  1-23). 

Do not leave X- ray  console  unattended without 
rep lac ing  lead plug on tubehead o r  placing lead 
cover on co l l imator  opening ( F i g u r e  1-23) 

Align the  co l l imator  with the  weld center l ine  and posit ion a t  
View 0-1. 

D. Exposure  p rocedure  

1. 

2. 

3. 

4.  

Dete rmine  the  m a t e r i a l  th ickness  f r o m  the th ickness  cha r t .  

Se lec t  the p r o p e r  machine  se t t ings  f r o m  the technique curve .  

T h e  X - r a y  machine  i s  act ivated a f t e r  adhe rence  to  a l l  safety 
p rocedure  s. 

Expose a l l  even-numbered  views ( i  e , 0-1, 2-3, 4-5 ,  e t c . )  
for the e n t i r e  length of the m e r i d i a n  weld. 
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5. 

6 .  

7. 

8 

9. 

Remove the exposed 21-foot s t r i p  of X-ray film and rep lace  
it with the second unexposed 21-foot s t r i p  of f i lm in accordance  
with the procedures  defined under  “P lacemen t  of X-ray  F i l m  

Repeat  Steps 1 through 4, exposing the a l te rna te  odd-numbered 
views not previously exposed. 

Deactivate the X-ray  machine and remove  the key. 

Instal l  the co l l imator  cover  o r  remove  the co l l imator  and 
rep lace  the lead plug on the tubehead. 

Remove the second 21-foot s t r i p  of f i lm f r o m  the p a r t  and 
p r o c e s s  the two s t r i p s  i n  the automatic  f i lm p r o c e s s o r  

P r o c e d u r e  f o r  J” Section Exposures  - F o r w a r d  Facing Sheet  Only 

NOTE See  F i g u r e  1-24 for  locations of Views A ,  B1, 
B2. C ,  and D. 

A 

B 

C 

D 

P lace  the f i lm on the e x t e r i o r  s ide  into the bottom of the throa t  
of the ’J“ sect ion to expose View “C I ’  P l a c e  identification and 
pene t r ame te r  on the inside su r face  

Expose Views B1 and B2 by placing the film on the ex te r io r  of 
the bulkhead extending f r o m  the bottom edge of the panels to  the 
edge of the outboard leg (View “A ’ )  
e t e r  a r e  placed on the inboard s u r f a c e  

Identification and pene t r am-  

Expose View ’ A ’ by removing the tubehead f rom the ska te  f ixture  
and bringing it to the outboard s ide of the bulkhead tool The 
tubehead is mounted i n  the te lescopic  tube support ,  then secu red  
to the 8EH-0066-21  work platform The X - r a y  film is placed 
behind the outboard leg ( V i e w  
throa t  of the J sect ion Identification and pene t r ame te r  a r e  
placed on the outboard su r face  

A ) res t ing  on the bottom of the 

Expose View 
the weld and d i rec t ing  the X - r a y  beam (down) into the throa t  of the 
“J” sect ion ( F i g u r e  1-25)  
inser ted  through the s lo t  below the throa t  of the 

D ’ by positioning the co l l imator  ove r  the cen te r  of  

The X-ray  fi lm ( 1 -  1 / 2  inches wide) is 
3 ’  sect ion 
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F i g u r e  1-24. "J" Section Configuration 
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Radiat ion safety requi rements  sha l l  be s t r i c t ly  
en fo rced  as outlined in  Section 1. 2. 

1 3.2 CIRCUMFERENTIAL WELDS AFTER FABRICATION 

Specia l  Equipment and Mate r i a l s  Required 

A. Lead identification markers 

1. Alterna te  individual numbers  1 through 215 

a. Continuous individual numbers  0 through 124 for the "J" 
and LO2 c i rcumferent ia l  welds only 

2. Posi t ion  numbers  I, 11, 111, and I V  

NOTE: P r e p a r e d  number  be l t s  m a y  be used in  l ieu of 
the above. 

3.  X - r a y  cont ro l  number  

B. Indus t r i a l  X- ray  film (Kodak type "M") 70 m m  

1. F o u r  28-foot s t r i p s  fo r  the penetrat ion p a s s  

2 Eight 28-foot s t r i p s  fo r  the cover  p a s s  

C Two 18-inch co l l imators  

D. X - r a y  tubehead holding f ixtures  (two) 

NOTE Al l  c i r cumfe ren t i a l  welds a r e  radiographical ly  inspected 
in two phases  during fabrication. 
is made  following completion of the penetrat ion p a s s  and 
is p r i m a r i l y  an  information-type inspection. The second 
inspect ion is made  upon completion of the cover  p a s s  and 
any i n -p rocess  rewelds 
arc detai led sepa ra t e ly  for  each  inspection where  
d i f fe rences  occur  

The  ini t ia l  inspection 

These  instruct ions and p rocedures  
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P r o c e d u r e  for Inspection 

A .  Placemen t  of identification markings  (Cyl inders  1-2,  2 - 3 ,  3-4, 
4-5, 5 - 6 ,  and Cylinder  6 to forward  LHz bulkhead) 

1. 

2. 

3. 

4. 

Place X- ray  view identification markers on the  outboard 
s u r f a a e  of the cyl inder .  

C o r r e l a t e  X- ray  view numbers  o r  number  bel t  with the odd 
number  LH2 cyl inder  ve r t i ca l  s t r i n g e r s  (1 e , 1, 3,  5, e t c  1 

Locate  view numbers  o r  number  bel t  1 / 4  inch to 3 /8  inch 
above the weld edge. 

A s s u r e  that X-ray  views wil l  co r re spond  to consecutive 
odd-numbered s t r i n g e r  locations ( i  e . ,  1 - 3 ,  3-5, 5-7, etc ) 
Stud f inders  and magnets  are  used  for  this  purpose  

B Placemen t  of identification markings  ("J" c i r cumfe ren t i a l  weld 
and LO2 c i r cumfe ren t i a l  g i r th  weld) 

1. P l a c e  X- ray  view identification markings  ( lead numbers  o r  
number  bel t )  on the outboard su r face  1 /4  inch to 3 / 8  inch 
above the  weld edge 

2. Loca te  view number  ' 0  ' a t  Posi t ion I Posi t ion I is  etched 
o n  the outboard s u r f a c e  of the a s s e m b l y  (If a numbered 
be l t  is used ,  a Pos i t ion  I m a r k  is a l s o  located o n  the bel t  ) 

3 Establ i sh  X- ray  m e w s  numer ica l ly  a t  10-inch in te rva ls  
s t a r t i n g  f r o m  ' 0  (Pos i t ion  I) and circumventing the en t i r e  
weld (View numbers  '0 '  through 124 a r e  requi red  ) 

4 Identify Posi t ions I, 11, 111, a n d  1V with lead numbers  a t  the 
appropr i a t e  locations . 

5 Posi t ion numbers  to read  in a clockwise d i rec t ion ,  looking 
fo rward  ( lef t  to r ight  facing the weld) 

C P lacemen t  of X- ray  f i lm 

1 P l a c e  four 28-foot s t r i p s  of X-ray  f i lm o n  the inboard s u r f a c e  
of the \\eeld overlapping a l l  ends with each  adjacent  s t r i p  
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D. 

E. 

Setup of X-ray  equipment ( F i g u r e  1-26) 

1. 

2. 

Posi t ion two X-ray  machines  (100 kv) a t  o r  n e a r  Posi t ion I 

Attach two X-ray  tubehead holding f ixtures  to the weld ska te  
tracks. 

Remove the lead protect ive covers  (plugs)  and ins ta l l  the 
co l l imators  . 
Mount the tubeheads to the holding f ixtures  ( F i g u r e  1-27) 

Align the co l l imators  with the weld center l ine and position 
the co l l imators  adjacent  to each  o the r  a t  Views 1 - 3  and 3-5 
o r  0- 1 and 1-2,  as applicable (penetrat ion p a s s  only) 

NOTE F o r  the cover-pass  inspection, the co l l imators  a r e  

3.  

4. 

5 .  

positioned a t  a l te rna te  views (i. e . ,  1-2, 3-4  o r  
1-3, 5-7, e t c . )  

Exposure procedure  

1 Determine  the m a t e r i a l  thickness f r o m  the thickness c h a r t  
(all c i r cumfe ren t i a l  welds a r e  of constant thickness)  

2. Select  the p rope r  machine se t t ings  f r o m  the technique curve  

3 .  The  X- ray  machine is  activated a f t e r  adherence  to  a l l  
safety p r oce dur  e s . 

4. Expose eve ry  o the r  view ( for  cover  p a s s )  o r  e v e r y  view ( for  
penetrat ion p a s s )  about the e n t i r e  c i r cumfe rence  of the weld 

5. Remove the exposed X - r a y  film and p r o c e s s  in the automatic  
film p r o c e s s o r  

NOTE F o r  the cover -pass  inspection, remove  the exposed 
X- ray  f i lm and rep lace  with four unexposed s t r i p s  
in  accordance  with Step C 

6.  Repeat  exposure  of P r o c e d u r e  E, S teps  1 through 5, exposing 
the a l t e rna te  views not Dreviouslv exnosed 
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Figure 1-27. Tubehead Mounted to Holding Fixture for Circumferential Welds 
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1.3.3 

7. Deactivate the  X- ray  machine and r emove  key. 

8.- Ins ta l l  the co l l imator  c o v e r s  or r emove  the  co l l ima to r s  and 
replace t h e  lead plugs. 

9 .  Remove the exposed X-ray  film and p r o c e s s  in  the automatic  
film processo r .  

NOTE: Station 1A (bulkhead building extension) is unique in  
tha t  the e n t i r e  tool ro ta tes .  
ut i l ized when X-ray  inspect ions are pe r fo rmed  on 
a s s e m b l i e s  i n  this  tool  t o  change posit ion of the 
tubehead locations relat ive to  the welds. 
cedure  for this  tool, with the  exception of the X - r a y  
tubehead movement,  is  identical  t o  the other  tooling 
for  the c i rcumferent ia l  welds ,  On this  tool the 
tubehead is held s ta t ionary  and the a s sembly  is 
ro ta ted  f o r  e a c h  s e p a r a t e  exposure .  
tools,  the X- ray  tubehead is moved along the weld 
t r a c k  f o r  e a c h  succeeding exposure .  

Th i s  capabili ty is  

The  p ro -  

On a l l  o ther  

LH2 CYLINDER VERTICAL W E L D  

Special  Equipment  and Mate r i a l s  Required 

A. Lead identification m a r k e r s  

SPLICES A F T E R  FABRICATION 

1. Top net t r iml ine  (TNTL), bottom net t r iml ine  ( B N T L )  

2, Continuous n u m b e r s  0 through 10 ( n u m b e r s  0 through 3 f o r  
Cyl inder  1 only) 

NOTE P r e p a r e d  number be l t s  may be used  in l ieu 
of the above. 

3. X-ray  cont ro l  number  

B. Indus t r ia l  X- ray  f i lm  (Kodak type "M") 70  mm 

1. Two s t r i p s ,  11 fee t  in  length 

2 .  Two s t r i p s ,  2 -  1 /2  feet in  length f o r  Cyl inder  1 only 

C. Lead vinyl backing s t r ip ,  1 1  feet  in  length ( 3  feet  in length for  
Cyl inder  1) 
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D. X-ray  tubehead holding f ixture  

E. "Hi-Bay" lift 

NOTE Cylinder  1 is 28  inches  in  height,  all o t h e r s  a r e  
100 inches  i n  height. 

P r o c e d u r e  for Inspection 

A. Placemen t  of identification mark ings  

1. P l a c e  X- ray  view number  identification m a r k e r s  on the 
outboard s u r f a c e  of the cyl inder .  Numbers  o r  number  be l t s  
are  located on the left-hand s ide,  facing the weld f r o m  the 
outboard s ide  

2. P l a c e  View "0" a t  the bot tom net t r iml ine  (BNTL)  approxi-  
ma te ly  1 / 4  inch f r o m  the edge of the weld. 

3. P l a c e  a n  a r r o w  m a r k e r  with the identification BNTL on the 
r ight-hand s ide  identifying the bottom net t r i m l i n e .  

4. Posi t ion  view numbers  numer ica l ly  on  the left-hand s ide  of the 
weld s t a r t i ng  f r o m  the bot tom net t r iml ine  (BNTL) to the top 
ne t  t r iml ine  (TNTL)  in  10-inch inc remen t s  

5. Place a n  a r r o w  m a r k e r  with the identification (TNTL)  on the 
right-hand s ide,  adjacent  to the weld identifying the top n e t  
t r iml ine  

B. P lacemen t  of X - r a y  f i lm and shielding 

1. P l a c e  one 11-foot s t r i p  of X - r a y  film on the in t e r io r  ( inboard)  
s u r f a c e  of the weld, taking c a r e  t o  a s s u r e  that the f i lm is 
cen te red  over  the weld and over laps  the panel at both ends 

2. Hang the lead vinyl backup shielding f r o m  the top of the 
cy l inder  and cen te r  over  the weld. 

C. Setup of X - r a y  equipment  ( F i g u r e  1-28) 

1.  Posi t ion  the "Hi-Boy" lift adjacent  t o  the outboard su r face  
of the weld. 

2. Attach the X - r a y  tubehead noiding f ixture  t o  t h e  "Hi-Boy" lift 
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3. Mount the X - r a y  tubehead to the holding f ixture  ( F i g u r e  1-29). 

4, Remove the lead protect ive cover  (plug) f rom the  tubehead and 
in s t a l l  the  col l imator .  

5 ,  Align the co l l imator  with the  weld center l ine  and posit ion 
at View 0-1.  

D. Exposure  p rocedure  

1. Determine  the m a t e r i a l  thickness  f r o m  the thickness  char t .  

2. Select  the p r o p e r  machine set t ings f r o m  the  technique char t .  

3. T h e  X- ray  machine  is act ivated a f t e r  adherence  t o  a l l  safety 
p rocedures  

4. Expose  eve ry  o ther  view (i. e . ,  0-1, 2 - 3 ,  e t c . )  fo r  the e n t i r e  
length of the cyl inder  weld splice.  

5. Remove the lead vinyl backup shield and the  exposed s t r i p  of 
f i lm.  

6 .  Replace with the  unexposed f i lm s t r i p  and r ep lace  backup 
shielding. 

7. Repe,at exposure  of P r o c e d u r e  D, S teps  1 through 4, exposing 
the a l t e rna te  views not previously exposed. 

8, Deact ivate  the X- ray  machine and r emove  key 

9. Instal l  the  co l l imator  cove r  o r  r emove  the co l l imator  and 
r ep lace  the  lead plug. 

10. Remove the lead vinyl shielding and the exposed s t r i p  of 
X - r a y  f i lm  

11. P r o c e s s  both exposed s t r i p s  of f i lm  in the automatic  f i lm  
p r o c e s s o r .  
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1.3,4 BULKHEAD DOLLAR WELDS AFTER FABRICATION 

Special  Equipment and Mate r i a l s  Required 

A. Lead identification m a r k e r s  

1. L e t t e r s  "A" through "L" and continuous numbers  0 through 
15 (continuous numbers  0 through 35 f o r  the aft  LO2 bulkhead 
only) 

2. X-ray  control  number  

B. Indus t r ia l  X-ray  f i lm (Kodak type "M") 70 mm (16 s t r i p s  14 inches 
in length, 36 s t r i p s  14 inches  in  length f o r  the a f t  LO2 bulkhead 
only) 

C. X- ray  tubehead holding fixture 

I> Lead vinyl backup shielding for  the aft LO2 bulkhead ( in- tool  lead 
backup shielding is  incorpora ted  on the T72-00077 tool fo r  all 
o the r  bulkhe ads ) 

P r o c e d u r e  f o r  Inspection (Aft Fac ing  Sheet F o r w a r d  Fac ing  Sheet and 
F o r w a r d  LHZ Bulkheads) 

A Placemen t  of identification markings  

1. 

2. 

3. 

4. 

P l a c e  X-ray  view number identifications on the outboard 
s u r f a c e  of the bulkhead 
to the weld on the dol la r -sec t ion  s ide  of the bulkhead 

Numbers  a r e  to be  located adjacent 

P l a c e  View 0 
on assembly) .  

a t  Posi t ion I (Pos i t ion  I location is etched 

Posi t ion the remaining numbers  numer ica l ly  in  10-inch 
inc remen t s  in a counterclockwise direct ion when viewed 
f r o m  the outboard s ide  

Identify each  mer id i an  weld by i t s  l e t te r  designation 
l e t t e r  identification is placed on the bulkhead side of the weld 
adjacent  t o  the me r id ian /dol la r  weld junction. 

The  
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I 

B. Place rnen i  of X - r a y  film 

1. Place eight s t r i p s  of X - r a y  film, 14 inches in  length, on the 
inboard  su r face  at a l t e rna te  X- ray  view locat ions (i. e . ,  0-1,  
2-3 etc. ). 
area is completely covered  by the X - r a y  film. 

Special  care is requi red  to a s s u r e  tha t  the weld 

6. Setup of X - r a y  equipment ( F i g u r e  1-30) 

1, Contact Move Control  t o  have the X-ray machine placed by t h e  
r i g g e r s  in t he  location provided on top of the T72-00077 tool. 

Attach the X - r a y  tubehead holding f ixture  t o  the weld ska te  
t r ack .  

2, 

3. Remove the lead pro tec t ive  cover  (plug) f r o m  the tubehead 
and ins ta l l  the  col l imator .  

4. Mount the X-ray  tubehead t o  the holding f ixture .  

5. Align the co l l imator  with the  weld center l ine  and posit ion 
at View 0-1. 

D. Exposure  p rocedure  

I .  Dete rmine  the m a t e r i a l  thickness  f r o m  the th ickness  c h a r t  
( e a c h  dol la r  weld is  of constant th ickness) .  

2. Selec t  the p r o p e r  machine set t ings f r o m  the technique cha r t .  

3. T h e  X - r a y  machine  is act ivated a f t e r  adherence  to  a l l  safety 
p rocedures .  

4. Expose e v e r y  other  view (0-1 ,  2-3,  e t c  ) around the dol la r  
weld. 

5. Remove the exposed X - r a y  film and rep lace  the remain ing  
eight unexposed s t r i p s  of f i lm  a t  the a l t e rna te  X - r a y  posit ions.  

6. Repeat  P r o c e d u r e  D, Steps 1 through 4,  exposing the 
a l t e rna te  views not previously exposed. 

Deact ivate  the X - r a y  machine and r emove  the key. 7. 

8 Instal l  the co l l ima to r  cover  o r  r emove  the co l l imator  and 
r ep lace  the lead plug. 
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Figure 1-30. Setup of X - R a y  Equipment for Bulkhead Dollar  Welds 
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9. Remove the exposed X- ray  film and p r o c e s s  all f i lm  in the 
automatic  film processo r .  

P r o c e d u r e  f o r  Inspection of Aft LO2 Bulkhead Dollar  Weld (See Note*) 

A. Placemen t  of identification markings  

1. P l a c e  X- ray  view number  identification markers on the inside 
su r face  of the bulkhead. Base of the numbers  are t o  be 
placed adjacent  t o  the weld and upside down on the dol la r -  
sec t ion  s ide  of the bulkhead. 

2. P l a c e  view number "0" at Pos i t ion  I and the remaining 
numbers  numer ica l ly  in  a clockwise direct ion a t  10-inch 
inc remen t s .  

e 
3. Identify mer id i an  welds by the i r  l e t t e r  designations a t  each 

Intersect ion.  Le t te r  identifications a r e  placed upside down 
on the go re  s ide  of the  bulkhead adjacent  t o  the weld junction. 

B. P lacemen t  of X- ray  film 

1. P l a c e  18 s t r i p s  of X- ray  film 14 inches in  length on the out- 
board su r face  a t  a l t e rna te  X-ray  view locations (i. e , 0-1, 
2-3, 4-5) .  

2. P l a c e  lead vinyl backup shielding over the f i lm a r e a s  t o  b e  
expos e d. 

C . Setup of X- ray  equipment 

1. Attach the X- ray  tubehead holding f ixture  t o  the weld ska te  
t r ack .  

2. Remove the lead protect ive cover  and ins ta l l  the col l rmator  

3. Mount the X- ray  tubehead t o  the holding f ixture .  

4. Align the co l l imator  with the weld center l ine  and posit ion a t  
View 0-  1. 
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D. Exposure  procedure :  Same  as item D under  " P r o c e d u r e  for  
Ins  p e c t i on. 

*NOTE: T h e  aft LO2 bulkhead dol la r  weld is 10 fee t  in  d i ame te r  
as opposed t o  3 feet f o r  the  o ther  bulkheads. 
t h i s  joint  is welded f r o m  both s ides  with the second s ide  
{inboard) being welded in  the inverted position. 
rad iographic  inspection is pe r fo rmed  while the bulkhead 
is in  th i s  posit ion,  exposures  a re  made  with the  tubehead 
on the  inboard side. 

Additionally, 

The  

1 . 3 . 5  BULKHEAD GORE PANEL SUBASSEMBLY WELDS AFTER HYDRO- 
STATIC TESTING ( A F T  FACING SHEET AND A F T  LO2 BULKHEAD) 

Special  Equipment and Mate r i a l s  Required 

A, Lead  identification mark ings  

1. Continuous numbers  0 through 9 ( 1 2  s e t s )  

2. X - r a y  cont ro l  numbers  (new numbers  t o  be ass igned)  

3. L e t t e r s  " A '  through "L" 

NOTE: T h e s e  welds a r e  fabr ica ted  a t  t h e  Los Angeles 
Division, and, therefore ,  new Space Division X - r a y  
cont ro l  numbers  are ass igned  at this  t ime  

B. Indus t r ia l  X-ray  f i lm (Kodak type ' lM' ' )  70 mm 

1. One hundred and twenty s t r i p s ,  each  14 inches in  length 

P r o c e d u r e  f o r  Inspection 

A. P lacemen t  of identification mark ings  

1. P l a c e  X- ray  view identification m a r k e r s  on the inboard 
surface. View number  "0" is located a t  the c i r cumfe ren t i a l /  
m e r i d i a n  weld in te rsec t ion  of the lower alphabet l e t t e r  of 
e a c h  mer id ian .  

2. Es t ab l i sh  X - r a y  views a t  10-inch inc remen t s .  The  l e t t e r  
designat ion of each  m e r i d i a n  weld i s  placed a t  each  view 
number  "0"  location. 
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3. View numbers  and weld l e t t e r s  are  faced  outboard and r e a d  
i n  a counterclockwise d i rec t ion  ( r igh t  t o  left) when viewed 
f r o m  the  inboard s ide  of the bulkhead. 

B. P l a c e m e n t  of X- ray  film and shielding 

1. Pos i t ion  each  14-inch piece of X- ray  f i l m  individually at  the 
location t o  be exposed immedia te ly  before  each  exposure.  
The  area to be exposed is shielded using lead vinyl backing. 

Remove the previously exposed X - r a y  film and place a n  
unexposed p iece  a t  the next view t o  be X-rayed  along with 
the lead vinyl shielding. 
the e n t i r e  c i r cumfe rence  of the bulkhead. 

2. 

This  p rocedure  is continued about 

NOTE. In addition t o  t h e  no rma l  X - r a y  views, an exposure  
is m a d e  s t ra ight - in  a t  each  circurnferential/meridian 
weld intersect ion.  

C. Setup of X- ray  equipment 

NOTE T h e  bulkheads a r e  normal ly  positioned on the 
u l t rasonic  inspect ion tool for  the pos t -hydros ta t  
inspect ions 
is uti l ized t o  faci l i ta te  these inspect ions.  

The  rotational capabili ty of the tool 

1. 

2. 

3. 

4. 

P l a c e  spec ia l  tubeholder tool on the inboard t r a n s d u c e r  
c a r r i a g e  a s sembly  (See F i g u r e  1-31 ) 

NOTE A spec ia l  counterbalance i s  instal led t o  offset the 
weight difference of the X- ray  tube and co l l imator  
t o  the ul t rasonic  t r a n s d u c e r  and s q u i r t e r  a s sembly  
t o  prevent  damage  to  the m o t o r s  

Mount the X - r a y  tubehead to  the holding f ixture .  

Remove the lead protect ive cover  (plug) f r o m  the tubehead 
e m i s s i o n  point and ins ta l l  the co l l imator .  

Pos i t ion  the co l l imator  a t  the c e n t e r  of the hor izonta l /  
mer id i an  weld intersect ion.  

D. Exposure  p rocedure  

1 Dete rmine  the  m a t e r i a l  th ickness  f r o m  the m a t e r i a l  thickness  
cha r t .  ( A l l  of these  welds a r e  of constant  thickness  ) 
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-MANHOLE 

F i g u r e  1-3 1. X-Ray Equipment  Setup - Post -Hydros ta t ic  Inspection 

2. 

3,  

4. 

5. 

6 .  

7. 

8 .  

9 

10. 

Selec t  the p r o p e r  machine  set t ings from the technique cu rve  

T h e  X - r a y  machine  is act ivated after adherence  to  a l l  
s af e ty p rocedure  s . 
Remove the exposed X - r a y  film and place a n  unexposed film 
on the next succeeding view. 

Rotate  the bulkhead t o  the next view location. 

Pos i t ion  lead vinyl backup shielding on the a r e a  to  be exposed. 

Repeat  S teps  3 through 5 until the e n t i r e  weld h a s  been 
X-rayed  

P r o c e s s  the exposed f i lm  p rogres s ive ly  during the exposures  

Deact ivate  the X - r a y  machine  a n d  r e m o v e  the key. 

Remove the co l l imator  and place lead safety p l u g  i n  the 
tub e he ad ope ni n g . 
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1.3.6 BULKHEAD MERIDLAN WELDS AFTER - - HYDROSTATIC TESTING 

Equipment and Mater ia l s  Required 

A. F o r w a r d  LH2 bulkhead 

1. Lead identification m a r k e r s  

a. Individual numbers  0 through 18 (12 se t s )  

b. Letters E N T L  (12 sets) 

NOTE P r e p a r e d  number  belts m a y  be used  in l ieu 
of the  above. 

c .  X-ray  control  numbers  (originally ass igned  numbers  a r e  
used  except  the letters PH are  added to identify the film) 

2. Indus t r ia l  X- ray  film (Kodak type "M") 70 mm (216  s t r ip s ,  
each  14 inches i n  length) 

B Aft facing sheet 

1. Lead identification markers 

a. Continuous numbers  0 through 24 (12 s e t s )  

b. Letters ENTL (12 sets)  

NOTE P r e p a r e d  number  belts m a y  be used in 
lieu of the above 

c X-ray  control  numbers  (originally ass igned  numbers  a r e  
used  with l e t t e r s  P H  added) 

2 Industr ia l  X- ray  film (Kodak type I 'M' ')  70 m m  (288 s t r i p s ,  
each  14 inches in length) 

C Aft LO2 bulkhead 

1. Lead identification m a r k e r s  

a Continuous numbers  0 through 2 1  ( 1 2  s e t s )  
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b. L e t t e r s  ENTL (12  sets) 

NOTE. P r e p a r e d  number belts m a y  be used  in  lieu 
of the above. 

c .  X-ray  control  numbers  (originally ass igned numbers  
are used  with letters PH added) 

2. Industr ia l  X- ray  film (Kodak type "M") 70 m m  (252 s t r i p s ,  
each  14 inches in  length) 

P r o c e d u r e  for  Inspection 

A. Placement  of identification markings  

1. 

2, 

3 

4. 

Place  X- ray  view number identifications on the inside su r face  
of the bulkhead 
facing the weld f r o m  the inboard s ide  

Numbers  a r e  located on the left-hand s ide,  

P l a c e  View ' 0 '  a t  the equator ia l  net  t r iml ine  (ENTL) 

P lace  an a r r o w  m a r k e r  with the identification ENTL on the 
righthand s ide adjacent  to the weld identifying the equator ia l  
net  t r iml ine  

Pos i t ion  view numbers  numerical ly  i n  10-inch inc remen t s  
on the left-hand side of the weld s ta r t ing  f r o m  the equator ia l  
net  t r iml ine  and ending a t  the dol lar  weld. 

NOTE At this t ime the forward  LH2 bulkhead is only 
X- ray  inspected 172 inches f r o m  the equator ia l  
net  t r iml ine  toward the apex (dol la r ) .  

B. Placemen t  of X - r a y  film 

1. Place  one 14-inch s t r i p  of film a t  View 0-1 on each  mer id ian  
weld on the outboard surface.  

2. Repeat placement  of X - r a y  film for  subsequent exposures  in  
the same manner  a t  the next view location when all View 0-1 
exposures  have been made. 
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C. Setup of X- ray  equipment 

NOTE: T h e  bulkheads a re  normal ly  posit ioned on the u l t rasonic  
inspect ion tool for the pos t -hydros ta t  inspections.  
rotat ional  capabili ty of the tool is uti l ized t o  faci l i ta te  
t h e s e  inspect ions.  

The  

1. 

2. 

3. 

4. 

5. 

Place spec ia l  tubeholder tool on the inboard t r a n s d u c e r  
c a r r i a g e  assembly .  (See F i g u r e  1-31. ) 

NOTE: A spec ia l  counterbalance is instal led to offset the 
weight difference of the X - r a y  tube and co l l imator  
to the u l t rasonic  t r a n s d u c e r  and s q u i r t e r  a s sembly  
to  p reven t  damage  t o  the d r i v e  moto r s .  

Mount the X - r a y  tubehead t o  the holding fixture.  

Remove the lead pro tec t ive  cove r  (plug) from the  tubehead 
emiss ion  point and ins ta l l  the co l l imator .  

Pos i t ion  the co l l imator  a t  the View 0-1 location of the 
m e r i d i a n  weld and cen te r  over  the weld a r e a .  

Pos i t i on  the outboard boom ( t o  which the backup shielding 1s 
at tached) ,  d i rec t ly  i n  f ront  of the weld. 

D. Exposure  p rocedure  

1. De te rmine  the m a t e r i a l  th ickness  f r o m  the m a t e r i a l  th ickness  
char t .  

2. Selec t  the p r o p e r  machine  se t t ings  f r o m  the technique curve .  

3. The  X - r a y  machine  is act ivated a f t e r  adherence  to  a l l  
safety p rocedures .  

4. Expose View 0-1 on each  m e r i d i a n  weld by rotat ing the 
bulkhead a f t e r  each  exposure .  

5. Remove the exposed X- ray  f i lm and r ep lace  with an  unexposed 
f i lm  on e a c h  mer id i an  weld a t  View 1-2. 

6. Repeat  S teps  1 through 5 and continue the  same p rocedure  
until  all areas requi red  t o  be inspected have been X-rayed ,  
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7. P r o c e s s  the exposed X-ray  film a f t e r  each  s e r i e s  of X- ray  
views have been completed. 

8 .  Deactivate the X- ray  machine and remove  the key. 

9 .  Remove the col l imator  and rep lace  the lead plug. 

1.3.7 A F T  FACING SHEET AND A F T  LO2 BULKHEAD DOLLAR 
WELDS AFTER HYDROSTATIC TESTING 

Specia l  Equipment and Mater ia l s  Required 

A Lead identification markings  

1. Continuous individual numbers  0 through 35  and l e t t e r s  " A '  
through L '  fo r  the aft LO2 bulkhead 

2 Continuous individual numbers  0 through 1 5  and l e t t e r s  
through 

A ' 

L '  for  the forward  LH2 bulkhead 

B Industr ia l  X - r a y > f i l m  (Kodak type ' M  ) 70 m m  

1. Thir ty-s ix  s t r i p s  14 inches in  length for the aft LO2 bulkhead 

2. Sixteen s t r ip s  14 inches i n  length fo r  the forward LH2 
bulkhead 

C X-ray  tubehead holding fixture 

D Lead vinyl backup shielding 

P rocedure  f o r  Inspection 

A. Placemen t  of identification markings  

1 Aft facing shee t  

a Place  X-ray vien number identifications o n  the inboard 
su r face  of the bulkhead Nurnbers a r e  to be located 
adjacent to the nfeld on the dol lar  sect ion s ide  of the 
bulk he ad 

b. P l a c e  view number ' 0  at Posit ion I (Pos i t ion  I location 
i s  etched on the a s sembly ) .  
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c. Posi t ion  t h e  remaining numbers  numer ica l ly  in  10-inch 
inc remen t s  i n  a clockwise d i rec t ion  when viewed f r o m  
the  inboard sur face .  

d. Identify each  mer id i an  weld by i t s  l e t t e r  designation. The  
. letter designation is placed on the bulkhead s ide  of the 

weld adjacent  t o  the mer id i an /do l l a r  weld junction, 

2. Aft LO2 bulkhead 

a. Place X - r a y  view number identifications on the inboard 
su r face  of the bulkhead. 
adjacent  t o  the weld and upside down on the dol la r -sec t ion  
s ide  of the bulkhead. 

B a s e  of numbers  are  placed 

b. P l a c e  view number "0" at Pos i t ion  I, which is etched on 
the  assembly ,  and the other numbers  numer ica l ly  in a 
c : oc kwi s e direct ion at 10 - inch inc r ement  s . 
Identify mer id ian  welds  by the i r  l e t t e r  designation a t  each  
in te rsec t ion ,  
down on the go re  s ide of the bulkhead adjacent  t o  the weld 
junction. 

c .  
Let t e r  identifications a r e  placed upside 

B. Placemen t  of f i lm and shielding 

1. P l a c e  s t r i p s  of X - r a y  f i lm,  14 inches in  length, on the out- 
board su r face  a t  a l t e rna te  view locations (i. e . ,  0-1, 2 - 3 ,  
etc.  ). 

NOTE: Special  c a r e  is requi red  t o  a s s u r e  that the weld i s  
completely covered  by the film. 

2. P l a c e  lead vinyl shielding over  each  film covering the a r e a  
t o  be exposed. 

C. Setup of X- ray  equipment 

NOTE: T h e  bulkheads a r e  normally positioned on the u l t rasonic  
inspect ion tool f o r  the post-  hydrostat  inspect ions.  
rotat ional  capabili ty of the tool helps faci l i ta te  these 
i nsp e c t i  on s . 

The 

1. P l a c e  the special  tubeholder on the  inboard t r a n s d u c e r  
c a r r i a g e  assembly .  

NOTE. 

(See F i g u r e  1-31.  ) 

A spec ia l  counterbalance is instal led t o  offset  the 
weight difference of the X - r a y  tube and co l l imator  
t o  the u l t rasonic  t r ansduce r  and s q u i r t e r  a s sembly  
t o  prevent  damage  to  the d r ive  moto r s .  
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2. Mount the X-ray  tubehead to the holding f ixture .  

3. Remove the lead protect ive cover  (plug) f rom the tubehead 
emis oion point and ins ta l l  the col l imator  

4. Posi t ion the col l imator  a t  the View 0- 1 location of the dol la r  
weld and center  over  the weld a r e a  

D. Exposure procedure  

1. Determine the m a t e r i a l  thickness f r o m  the ma te r i a l  thickness  
char t .  

2. Selec t  the proper  machine set t ings f rom the technique curve 

3. The X-ray  machine i s  activated a f t e r  adherence to all  
safety p r  oc e dur  e s . 

4. Expose success ive  a l te rna te  views by rotating the bulkhead 

5 .  Remove the exposed X- ray  f i lm and rep lace  with an unexposed 
f i lm on the views not previously exposed 

6 .  Repeat Steps 1 through 5 and continue the s a m e  procedure  until  
a l l  a r e a s  requi red  to be inspected have been X-rayed. 

7. P r o c e s s  the exposed X- ray  fi lm a f t e r  each  s e r i e s  of X-ray  
views have been completed 

8. Deactivate the X-ray  machine and remove the key. 

9. Remove the col l imator  and replace the lead plug 

1 . 3 . 8  LO2 TANK GIRTH WELD AFTER PNEUMATIC TESTING 

Special  Equipment and Mater ia l s  Required 

A Lead identification m a r k e r s  

1. Continuous individual numbers  0 through 124 

2 .  Position numbers ,  I, 11, 111, and I V  

NOTE P r e p a r e d  number  bel ts  may be used in l ieu 
of the above 
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3, X-rayed cont ro l  number  (originally ass igned control  number 
is used)  

B, Industr ia l  X-ray  film (Kodak type t 'M't)  70 mm (8 s t r ip s ,  each  
28  fee t  in length) 

C.  Two 18-inch co l l imators  

D. Two X-ray  machines  (100 lw) 

E. X - r a y  tubehead ska te  and holding f ixture  (Tool  No. T7204758) 

P r o c e d u r e  f o r  Inspection 

A. 

B 

C 

Placemen t  of identification markings  

1. 

2. 

3. 

4. 

5. 

P l a c e  X - r a y  view m a r k e r s  ( lead numbers  o r  p repa red  number  
bel t )  on the outboard su r face  1 / 4  inch t o  3 / 8  inch above the 
weld. 

Loca te  view No. "0" a t  Pos i t ion  I. 

Es tab l i sh  X-ray views numer ica l ly  a t  10-inch in te rva ls  
s t a r t i ng  a t  "0 ' (Pos i t ion  I) and encircl ing the en t i r e  weld 

Posi t ion numbers  to  read in a clockwise direct ion,  looking 
forward  ( lef t  to right facing the weld) 

P l a c e  numbers  identifying Posi t ions 1, 11, 111, and IV 1 / 4  inch 
to 3 / 8  inch above the weld a t  the appropr ia te  locations 

P lacement  of X- ray  f i lm 

1. P l a c e  four 28-foot s t r i p s  of X-ray  film on the inboard su r face  
of the weld, overlapping all ends with each adjacent s t r i p  

Setup of X- ray  equipment ( F i g u r e  1-32) 

1. Attach the two sect ions of portable  ska te  t rack  (Tool  
N o .  T7204758) to the aft  sk i r t ,  which has  been lowered to 
p e r f o r m  this  inspection The ska te  t r a c k s  should be 
positioned adjacent to each  o the r  

2. Mount the X-ray  tubehead holding f ixtures  to the ska te  t rack,  

c 
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3. 

4. 

5. 

Remove the lead protect ive c o v e r s  (plugs)  and ins ta l l  the 
c 01 l imat  o r  s . 

Mount the tubeheads t o  the holding f ix tures .  

Align the co l l ima to r s  with the weld center l ine  and posit ion 
the co l l ima to r s  at a l t e rna te  views (i. e., 1-2, 3-4 ,  etc .  ). 

D. Exposure  p rocedure  

1. 

2. 

3, 

4. 

5. 

6. 

7 

a 

9. 

10 

Determine  the  m a t e r i a l  thickness  f r o m  the thickness  c h a r t  
( the  weld is of constant  thickness) .  

Select  the p r o p e r  machine set t ings f r o m  the technique curve  

The  X - r a y  machine is act ivated a f t e r  adherence  to  a l l  
safety p rocedures .  

Remove and reposi t ion the first sect ion of the ska te  t r a c k  in  
f ront  of and adjacent  t o  the second sect ion when the ska te  has  
pas sed  f r o m  one t r a c k  sec t ion  onto the second. 
c e d u r e  is repeated about the  en t i r e  weld. 

This  p ro -  

Remove the exposed X - r a y  f i lm and p r o c e s s  in  the automatic  
f i lm  p r o c e s s o r .  

Replace with four  unexposed 28-foot s t r i p s  of film. 

Repeat  Steps 1 through 4 exposing the a l t e rna te  views not 
previously exposed. 

Deact ivate  the X-ray  machine and remove  the key 

Instal l  the co l l imator  cove r  a r  r emove  the co l l ima to r s  and 
r ep lace  the lead plugs. 

Remove t'he esposed  X - r a y  film and p r o c e s s  in  the automatic  
film p r o c e s s o r .  

1 .3 .9  F O R W A R D  L H 2  B U L K H E A D  M E R I D I A N  A N D  D O L L A R  W E L D S  
A F T E R  P N E U M A T I C  TESTING 

Special  Equipment  and M a t e  r i a l s  Required 

A. Lead ident i f icat ian markings  

SI3 70-556-1 



1. Continuous individual numbers  17 through 24  ( 1 2  s e t s  requi red)  

2. 

3. Letters t 'A' t  through t 'L' '  

4. 

Continuous individual numbers  0 through 15 (one se t )  

X- ray  cont ro l  numbers  (originally ass igned  numbers  a r e  
used) 

B .  Indus t r ia l  X- r a y  film (Kodak type "M") 70 mm 

1. 

2. Sixteen s t r i p s  14 inches in  length 

Twenty-four s t r i p s  6 - 1 / 2  feet  i n  length 

C. Tripod (vacuum)  tubeholder,  Tool  No R976572 

D. Lead vinyl shielding 

NOTE The post-pneumatic  radiographic  inspec ion of he 
LH2 bulkhead is per formed with the vehicle in a n  
inver ted  posit ion (Station V).  

P r o c e d u r e  for  Insoection 

A Placemen t  of identification markings  (mer id i an  welds) 

1. P l a c e  view numbers  o r  number belts adjacent to the mer id ian  
welds o n  the left-hand inboard su r face  when facing the dol lar  
weld from the inboard side 

2 Es t ab l i sh  view number  locations the s a m e  as identified 
following init ial  fabr icat ion ( in  IO-inch inc remen t s  f r o m  the 
equa to r t r iml ine  1. 

NOTE X - r a y  views 17 through 24 a r e  the only a r e a s  to 
be inspected a t  this t ime.  

I3 Placemen t  of identification markings  (dol la r  weld) 

1. P l a c e  X - r a y  view numbers  on the inboard su r face  adjacent  
to the weld on the do l l a r  s ide  

2 Posi t ion numbers  to run numer ica l ly  i n  a clockwise 
d i rec t ion .  
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3. Locate  view number  "0" at Posi t ion I with subsequent numbers  
p laced  a t  10-inch in te rva ls .  

Identify mer id ian  welds b y  the i r  l e t t e r  designation on the go re  
panel s ide  adjacent  to the weld junction. 

4. 

C .  Placemen t  of X- ray  film (mer id i an  welds) 

1. Determine  the exac t  location of the mer id i an  welds on the 
outboard su r face  with the u s e  of magnets  and stud f inde r s  

NOTE Outboard su r face  is insulated 

2. P l a c e  a 6- 1/2-foot s t r i p  of X-ray  film o v e r  each  of the 
12 mer id i an  welds on the outboard su r face  

D P lacemen t  of X- ray  film (dol la r  weld) - P l a c e  eight 14-inch s t r i p s  
of X - r a y  film on the outboard su r face  a t  a l t e rna te  X- ray  view 
locations (i. e . ,  0- 1, 2 - 3 ,  e t c . ) .  Special  c a r e  is  required to 
a s s u r e  that  the weld a r e a  is  completely covered by the X- ray  film 

E. Setup of X- ray  equipment 

1 .  P l a c e  the t r ipod (vacuum) tube holder  (Tool No. R976572) on 
the inboard s ide  of the LH2 bulkhead ( F i g u r e  1 - 3 3 )  

2. Posi t ion  a t  View 17- 18 on "A ' mer id ian  weld 

3 .  I n s e r t  the X-ray  tubehead through the opening i n  the cen te r  
of the do l l a r  sec t ion  and mount the tubehead to the tube holder  

4. Remove the lead protect ive cover  (plug) and ins ta l l  the 
coll irnato r 

Align the co l l imator  with the weld center l ine a t  View 17-18  
and adjust  to a position perpendicular  to the weld 

5 

F. Exposure technique 

1. Determine  the m a t e r i a l  thickness  f r o m  the thickness  c h a r t  

2. Se lec t  the p rope r  machine set t ings f rom the technique curve  

3. The X - r a y  machine i s  act ivated a f t e r  adherence  to  a l l  
safety procedures .  
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Figure  1-33. Tripod Tube Holder  f o r  Inboard Side of LI42 Bulkhead After 
Pneumat ic  Test ing 
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I 4. Move the tubehead holding f ixture  t o  the next a l t e rna te  view 
after making the exposure.  
of the weld. 

Continue t h i s  p rocess  t o  the end 

5. Move the tubehead and holding fixture to the next mer id ian  
weld ("B ' )  and repea t  the p rocess  until a l l  mer id ian  welds 
have  been exposed. 

6 .  Remove all the exposed film and rep lace  with unexposed 
s t r i p s  of X-ray  film. 

7. Repeat  Steps 1 through 5 ,  exposing the a l t e rna te  views not 
previously exposed 

8. Remove and p r o c e s s  the X-ray  film 

9. Posi t ion the tubehead and holding f ixture  at  View 0-1  on the 
do l l a r  weld. 

10 Expose a l te rna te  views in  the s a m e  manner  descr ibed  in 
Steps 1 through 8 

11. Deactivate the X- ray  machine and remove  the key 

12. Instal l  the co l l imator  cover  o r  remove  co l l imator  and 
rep lace  lead plug. 

13. Remove and p rocess  X - r a y  f i lm 

1 . 3 . 1 0  LH2 TANK C I R C U M F E R E N T I A L  W E L D S  A F T E R  P N E U M A T I C  
TESTING 

Equipment and Mate r i a l s  Required 

A. Lead identification m a r k e r s  

1, Alternate  individual numbers  1 through 215  (five s e t s )  

NOTE P r e p a r e d  number belts may be used in lieu 
of the above except fo r  Cylinder 1 t o  
Cylinder 2 weld. 

2 ,  X - r a y  control  numbers  ( u s e  original control  numbers  
a s s i gric d aft e r fa b r ic a t  i on)  

B. Industr ia l  X - r a y  f i lm (Kodak type I'M") 7 0  rnm (540 p ieces ,  
14 inches in  length) 

- 7 7  " 
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C. 

D. 

E. 

F. 

Two 18-inch co l l ima to r s  

Two X-ray  machines  (100 kv) 

X - r a y  work  p la t form 8EH-5119 

Lead vinyl shielding 

NOTE: 1. Th i s  inspect ion is p e r f o r m e d  with the vehicle  in 
a horizontal  posit ion located on a vehicle  t r a n s p o r t e r .  

The  "J" c i r cumfe ren t i a l  weld is not inspected 
following pneumatic testing. 
the forward  LH2 bulkhead weld is radiographical ly  
inspected a t  a l a t e r  da te  when the handling s k i r t  is 
rep laced  with the flight sk i r t .  

2.  
The  Cylinder  6 to  

P r o c e d u r e  for Inspection 

A. P l a c e m e n t  of identification mark ings  

1. 

2.  

3.  

4.  

P l a c e  X - r a y  view identification numbers  on the inboard  
su r face  of the cy l inders  (except  Cyl inder  1 t o  
Cyl inder  2 ) .  

P l a c e  Cylinder  1 t o  2 view numbers  on the  outboard 
s u r f a c e  of the tank. 
posi t ive 1 y id en tify exact  s t r ing  e r 1 oc a t  i ons 

Magnets and stud f inde r s  a r e  used t o  

Identify X - r a y  views by the odd number  LH2 ve r t i ca l  
s t r i n g e r s  ( I .  e . ,  1, 3, 5, 7, e t c  ). 

Posi t ion  numbers  f r o m  left  t o  right when viewing from the  
outboard s ide (clockwise in  f l i g h t  position) 

B. P l a c e m e n t  of X - r a y  f i lm  and shielding 

1. P l a c e  each 14-inch p iece  of X - r a y  film individually in  the 
location t o  be exposed immedia te ly  p r i o r  t o  each  exposure.  

2. The e n t i r e  vehicle  is ro ta ted  on  the s tage  t r a n s p o r t e r  t o  the 
next adjacent  exposure  posit ion after e a c h  exposure.  

3. Remove the previously exposed X - r a y  film and place a n  
unexposed piece in the adjacent  posit ion.  

SD 70-556-1 
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c. 

D. 

4, Use lead vinyl backup shielding in  the exposure  area. 

NOTE: Two c i r cumfe ren t i a l  welds are exposed 
s imultaneously . 

Setup of X- ray  equipment ( F i g u r e  1-34) 

1. Posi t ion  the 8EH-5119 workstand adjacent  t o  Cyl inder  5 - 6  
and Cylinder  4 - 5  c i rcumferent ia l  welds. 

2. Mount two X - r a y  tubeheads on the holding f ix tures  on the 
works  tand. 

3. Remove the lead protect ive cove r s  and instal l  co l l imators .  

4. Align the co l l imators  with the weld center l ines  and ad jus t  
t o  a posit ion perpendicular  to  the welds.  

5 .  Es tab l i sh  view alignment (i. e , col l imator  centered  between 
s t r i n g e r s )  with the u s e  of magnets  and stud f inders .  
X - r a y  machines  mus t  be aligned on the s a m e  s t r i n g e r  
numbers .  

Both 

6. Pos i t ion  a pointer  to the cen te r  of a n  aft s k i r t  s t r i n g e r  (which 
c o r r e l a t e s  t o  LH2 cylinder s t r i n g e r s )  fo r  rotat ing t o  the next 
exposure  p os i t  i on. 

Exposure  p rocedure  

1. 

2 .  

3. 

4. 

5. 

Determine  the m a t e r i a l  thickness  f r o m  the m a t e r i a l  thickness  
char t .  

Select  the p r o p e r  machine set t ings f r o m  the technique curve.  

The X - r a y  machine  i s  act ivated a f t e r  adherence  to a l l  
safety procedures .  

Exposure  each X-ray  view around the en t i r e  cyl inder .  
the X - r a y  f i lm  intermit tent ly  during the p rocess .  

P r o c e s s  

Move the 8EH-5119 work p la t form adjacent  to  Cyl inders  3-4 
and 2 - 3  and r epea t  setup and exposure  p rocedures .  

- 79 

SD 70-  5 5 6 -  1 



Space Divislon 
NOlff7AmencanRodtweli 

k 
Q) 

2 

4.c 
0 
a 
3 
Q) tn 
c, 

- 80 .. 
SD 70-556-1  



1,3.11 

# 

Space Division 
North Amencan Rockwe 

6 ,  Move the  8EH- 51 19 work  p l a t fo rm adjacent  t o  Cyl inder  1-2. 
Remove or s e c u r e  one X- ray  tubehead accord ing  t o  safe ty  
procedures .  
Cyl inder  1-2 welds. 

Repeat  setup and exposure  p rocedures  on 

7. Deactivate the  X- ray  machines  and r emove  the  keys.  

8. Install the co l l imator  c o v e r s  or  remove the co l l ima to r s  and 
r ep lace  the  lead plugs. 

NOTE: T h e  p rocedures  for inspecting the Cylinder  6 
to the forward  LH2 bulkhead c i r cumfe ren t i a l  
weld are  the same as those  previously l isted.  
T h e  weld is not X-rayed immedia te ly  a f t e r  
pneumatic  tes t ing but a f t e r  instal la t ion of the 
flight fo rward  sk i r t .  (The  flight s k i r t  is con- 
s iderably  thinner  than the handling s k i r t  used  
f o r  handling the s tage  for pneumatic  testing. ) 
Because  the inspection is pe r fo rmed  through 
the fo rward  sk i r t ,  two exposures  (l ight and 
da rk )  a re  requi red  f o r  e a c h  view. 

VERTICAL (SPLICE) WELDS 

Equipment and Mate r i a l s  Required 

AFTER PNEUMATIC TESTING 

A. Lead identification m a r k e r s  

1. Continuous individual numbers  0 through 9 (20  s e t s )  

2. Continuous individual numbers  0 through 3 ( four  s e t s )  f o r  
Cyl inder  1 

NOTE Number  be l t s  m a y  be used in  lieu of the above. 

3. X - r a y  cont ro l  number  ( u s e  or iginal  cont ro l  number  ass igned  
t o  e a c h  weld a f t e r  fabr icat ion)  

B. Indus t r ia l  X-ray; f i lm  (Kodak type I'M'') 70 nun (212 p ieces  
14 inches  in  length) 

C. Eighteen-inch co l l ima to r s  (two) 

D. X - r a y  machines ,  100 kv (two) 
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, 

E. X-ray work p la t fo rm (8EH-5119) 

F. Lead  vinyl shielding 

NOTE: T h e  v e r t i c a l  ( sp l ice)  welds  are inspected with the 
vehic le  i n  a horizontal  posit ion located on a vehicle  
t r a n s p o r t e r .  

P r o c e d u r e  f o r  Inspection 

A. Placemen t  of identification markings  

NOTE: Al l  v e r t i c a l  welds will  have view numbers  placed 
on the inboard su r face  except f o r  Cyl inder  1 
which has  view numbers  placed outboard. View 
numbers  placed on the inboard su r face  wil l  face 
outboard.  

1. Place Kiew numbers  in  a n  af t - to-forward direction. Number 
"0" is placed at the aft in te rsec t ion  of each  cyl inder  and the 
subsequent  numbers  placed numerical ly  in  10-inch increments .  

2. Identify the X- ray  views on the outboard sur face  with the 
u s e  of magnets  and s tud f inders  f o r  convenience of positioning 
the tubehead. 

B. P l a c e m e n t  of X-ray  f i lm  and shielding 

1. 

2. 

Place each  14-inch piece of X- ray  film individually a t  the 
locat ion t o  be  exposed immedia te ly  p r i o r  t o  each  exposure  
T h e  area to  be exposed is shielded with lead vinyl backing. 

Remove the previously exposed X- ray  f i lm  and place a n  
unexposed p iece  at the adjacent  posit ion along with the lead 
vinyl backup shielding. 
e n t i r e  length of the ve r t i ca l  splice.  

This procedure  is continued for t h e  
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C. Setup of X-ray  equipment ( F i g u r e  1-34) 

1. Posi t ion  a n  8EH-5119 workstand on the s ide  of the vehicle  
adjacent  t o  the c i rcumferent ia l  weld joining the common 
bulkhead t o  Cylinder  1. 

2. Mount two X - r a y  tubeheads t o  the holding fixtures on the 
workstand. 

3 .  Remove the lead protect ive cove r s  (plugs) and ins ta l l  the 
co l l imators .  

4, Align the co l l imators  with the weld center l ine  a t  View 0-1 
and adjust  t o  a posit ion perpendicular  t o  the welds. 

D, Exposure  procedure  

4 1. Determine  the ma te r i a l  thickness  f r o m  the thickness  char t .  

2. Select  the p r o p e r  machine set t ings f r o m  the technique curve  

3. The  X-ray machine is activated a f t e r  adherence  to  a l l  safety 
procedures .  

4.  Move the X- ray  workstand t o  the next adjacent  exposure 
posit ion a f t e r  making the exposure.  Continue consecutive 
exposures  f o r  the en t i r e  length of the spl ice ,  p rocess ing  
the exposed X - r a y  film intermit tent ly  during the p rocess .  

5. Rotate the vehicle  so  the next spl ice  weld is i n  posit ion fo r  
inspection. 
the remaining th ree  sp l ices .  

Repeat Exposure  P r o c e d u r e s  1 through 4 for  

6 .  Deactivate the X - r a y  machines  and remove  the keys. 

7. Instal l  the co l l imator  cove r s  o r  remove  the co l l ima to r s  and 
rep lace  the lead plugs. 
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1.3.12 LH2 TANK FUEL OUTLETS AND FILL AND DRAIN WELDS AFTER 
PNEUMATIC TESTING 

Special Equipment and Mate r i a l s  Required 

A.  Lead identification markings  

1. Templa tes  with preplaced numbers  

2. X-ray  control  number (new number  assigned)  

B. Indus t r ia l  X- ray  f i lm  (Kodak type "M") 70 mm 

1. F o r t y  s t r i p s  espec ia l ly  cut t o  template  configuration f o r  
fuel outlets 

2. Twelve p ieces  espec ia l ly  cut to template  configurations f o r  
f i l l  and d ra in  

C .  X-ray  work platform,  Tool  No. 8EH-5119 

D. Lead vinyl shielding 

NOTE This  inspection is per formed with the vehicle in  a 
horizontal  posit ion located on a vehicle t r anspor t e r  

P r o c e d u r e  for  Inspection 

A .  Placemen t  of identification markings  - Posi t ion a template  with 
preplaced view numbers  on the outboard su r face  
are or iented as a clockface and should be so placed when facing 
the weld i n  flight position. 

View numbers  

NOTE X-ray  is only requi red  i n  the access ib le  a r e a s  of the 
fuel out le t  welds (i. e , 8 o 'c lock  to 4 o'clock) .  

B. Placement  of X- ray  f i lm and shielding 

1. P l a c e  each  X- ray  f i lm individually in  the a r e a  to be exposed 
immedia te ly  p r i o r  to  each  exposure  

2. U s e  lead vinyl in  the exposure  area fo r  backup shielding. 
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C .  Setup of X-ray equipment 

1. 

2. 

Posi t ion the 8EH-5119 workstand adjacent to a fuel outlet. 

Mount the X-ray  tubehead to the holding f ixture  on the 
works tand. 

Remove the lead protect ive cover  and instal l  the col l imator .  

Align the col l imator  with the weld center l ine and adjust  to a 
position perpendicular  to the weld. 

3. 

4, 

D. Exposure procedures  

1. 

2. 

3. 

4 

5. 

.6. 

7. 

8. 

Determine the m a t e r i a l  thickness f r o m  the ma te r i a l  
thickness  char t .  

Se lec t  the p rope r  machine set t ings f rom the technique curve 

The X-ray machine is activated a f te r  adherence to all  safety 
procedures .  

Expose each  required X - r a y  view and p rocess  the X- ray  
f i lm.  

Rotate the s tage to the next fuel outlet  and repea t  the 
procedure  

Setup and exposure is identical  f o r  the fi l l  and dra in  \veld, 
except that  a l l  views a r e  access ib le .  

Deactivate the X-ray  machine and remove the key 

Install  the col l imator  cover or  remove the col l imator  and 
rep lace  the lead plug.  
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1.4 RADIOGRAPHIC TECHNIQUES FOR DETERMINING 
W E L D  FLAW DEPTH LOCATIONS 

This sect ion defines the  radiographic  techniques used t o  de t e rmine  
flaw depth locations in Sa turn  S-II weldments at the  North Amer ican  
Rockwell Space Division. 

T h e r e  a r e  many var ia t ions  of radiographic  methods and techniques 
The tha t  can be used t o  de t e rmine  the  flaw depth location in weldments. 

t r iangulat ion technique descr ibed  i n  th i s  sect ion has been refined to a 
s imple  and accu ra t e  f o r m  t o  achieve optimum resu l t s .  
impera t ive  that  t h e  rad iographer  completely understands the  use  of t h i s  
technique to  a s s u r e  that  flaw depths a r e  located accurately.  

However, it is 

TECHNIQUE DESCRIPTION 

To a s c e r t a i n  flaw depths  using this tr iangulation technique, a s ingle-  
lead tape m a r k e r  is placed adjacent  to the flaw location on the tube-side of 
the weldment.  Only one X-ray  f i lm i s  used ,  but it i s  exposed f r o m  two 
d i f fe ren t  tubehead posit ions.  The f i r s t  exposure ( a t  one-half of n o r m a l  
exposure  t i m e )  is made a t  a right angle (no rma l )  to  the weld. 
exposure is  made  a f t e r  the tubehead is  displaced (at  the s a m e  focal d i s tance)  
and tilted a t  an  angle of approximately 30 degrees  to  the n o r m a l  so that  the 
b e a m  center  pene t ra tes  the weld in  the location of the flaw (F igure  1-35). 
The defect location (height of the flaw above the f i lm plane) is de te rmined  
through the  use of an  X-ray t r iangulat ion cha r t  ( F i g u r e  1-36). The c h a r t  is 
based  on the u s e  of the  tangent function in s i m i l a r  r ight anqles  (1. e . ,  t an  C 
= c / b  where  C is the t i l t  angle  of t he  tubehead, c is the  shift d i s tance  of t he  
f law on the  radiograph,  and b I S  t he  dis tance f r o m  the  fi lm to  the  flaw). 

The second 

The triangulation c h a r t  (F igure  1-36) is used in the following s tep-by-  
s t4p  sequence 

1 .  

2. 

3 .  

Measure  the d isp lacement  of the tube-side m a r k e r  a s  shown on 
the radiograph.  

Locate th i s  dimension on the right-hand sca l e  of the tr iangulation 
c h a r t  ( image  d isp lacement ,  c ) .  

In t e r sec t  the horizontal  line f r o m  thie point with the ve r t i ca l  line 
taken f r o m  a point on the bottom sca le  (defect location f r o m  f i lm 
plane)  which r ep resen t s  the total thickness  of the ma te r i a l  
containing the flaw, 
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4.  

5 ,  

6 .  

7 .  

8. 

In t e r sec t  these  two l ines  with a diagonal l ine (exposure angle ,  C) 
to indicate t h e  t r u e  angle of the second exposure .  

Measure  the displacement  of the f law as shown on the radiograph.  

Locate this  dimension on the right-hand sca l e  ( image d isp lacement ,  
C )  of the tr iangulation c h a r t .  

In t e r sec t  a horizontal  l ine f r o m  th is  point with the diagonal angle 
l ine  de te rmined  in Step 4. 

Read the bottom sca le  a t  this  in te rsec t ion  for  the dimension 
indicating the defect location f r o m  film plane.  

NOTE. To obtain accu ra t e  depth measu remen t s  using 
th i s  s y s t e m ,  it is  impor tan t  t o  place the film 
in d i r e c t  contact with the par t .  If no t ,  the 
d is tance  between the film and pa r t  is added to 
the m a t e r i a l  tb ickness  used in  Step 3 .  

C b =  - 
C 

TAN C 

T A N C = ~  

SECOND 
EXPO SUR E 
PO S I T 10 N 

ANGLE 

IRST EXPOSURE POSITION 

TOP MARKER, 

ATION FROM 

IMAGE DISPLACEMENT-) I cc- 

Figure  1-35. X-Ray Exposure  Pos i t ion  
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1 . 5  RADIOGRAPHIC INSPECTION OF DEBRIS BARRIER 

The  area of the fo rward  s k i r t  between Stations Xg824 and X ~ 8 4 8  is 
X-ray inspected by d i rec t ing  the radiat ion completely through the s tage  
( see  F igu re  1-37). 
of the cavity formed by the forward  LH2 bulkhead and the forward  s k i r t  
a s sembly ,  a r e  examined fo r  any foreign objects  in this  cavity a r e a  ( s e e  
F igu re  1 - 38). 

The rad iographs ,  which reveal  the in t e rna l  a r e a  

This is the only X- ray  task at the Seal  Beach faci l i ty  that i s  not 
completely shielded to allow personnel  i n  c lose  proximity to the X - r a y  source  
during ac tua l  exposures .  
and the imprac t icabi l i ty  of completely shielding the s c a t t e r  radiation pro-  
duced by penetrat ing through the en t i r e  s tage  a s sembly ,  special  precaut ions 
a r e  requi red  during this X- ray  task ,  
radiat ion safety procedures  for  this task ,  a cer t i f ied  radiographic  leadman 
o r  supe rv i so r  should be p re sen t  during a l l  exposures .  

Because of the high radiat ion intensity (260 kv) 

To a s s u r e  s t r i c t  adherence  to the 

EQUIPMENT AND MATERIALS REQUIRED 

1. 

2. 

3 .  

4. 

Lead identification m a r k e r s  

a. 

b. 

c .  Posi t ion  m a r k e r s  I ,  11, 111, and IV (two s e t s )  

d.  X-ray control  number  (new) 

Indus t r ia l  X - r a y  f i lm (Kodak type I'M'') 12-itich width 
24 feet  i n  length, 12 pieces.  

X - r a y  tubehead holding f ixture ,  Tool No. 8E-0863-Hl (F igure  1 - 3 9 )  
(col l imator  i s  constructed as par t  of the holding f i x t u r e )  

S p e r r y  275-kv X - r a y  machine (F igu re  1-40) 

Alternate  numbers  1 through 143 (two s e t s )  

X B  locating m a r k e r s  X ~ 8 2 4 ,  X ~ 8 3 6 ,  and X ~ 8 4 8  ( 1 2  of each)  

Day Pak ', 
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DEBRIS BARRIER 

FORWARD SKIRT 
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BULKHEAD 

Figure 1-38. Debr i s  B a r r i e r  Cavi ty  

5 .  F o u r  spec ia l  lead backup sh ie lds ,  Tool No.  8 E H - 0 8 5 6  (F igu re  1 - 4 1 )  

6 .  Man shield - no tool number  

PROCEDURE FOR I N S P E C T I O N  

P l a c e m e n t  of identification mark ings  

t 

1, F o r w a r d  s k i r t  s t r i n g e r  identification m a r k e r s  a r e  placed on the 
outboard s u r f a c e  of the forward  sk i r t .  

2. Each  odd-numbered  s t r i n g e r  i s  identified.  S t r inge r  identification 
m a r k e r s  a r e  placed a t  approximate ly  X B 8 2 6  and X B 8 3 8  on each  
odd-numbered  s t r i n g e r ,  
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1 

3. Posi t ion  m a r k e r s  I, 11, 111, and IV  a r e  a l s o  appropr ia te ly  placed 
at X ~ 8 2 6  and X ~ 8 3 8 .  

NOTE: Forward  s k i r t  s t r i n g e r s  do not c o r r e l a t e  with LHz 
tank and af t  s k i r t  s t r i n g e r s .  

P l acemen t  of X-ray Film 

1, 

2. 

3,  

One s t r i p  of X-ray  film is placed on the forward  s k i r t  a t  XB824 to 
X ~ 8 3 6 .  This  f i lm  should cover  24 s t r i n g e r s  with some  excess  a t  
each  end fo r  overlap.  
X ~ 8 3 6  to X ~ 8 4 8  covering the s a m e  s t r i n g e r s  a s  the f i r s t  f i lm. 

A second s t r i p  of X - r a y  film i s  placed a t  

NOTE. Six exposures  a r e  requi red  to completely c i rcumvent  the 
forward  sk i r t .  

P l acemen t  of fi lm fo r  the second exposure  is located as defined in 
S tep  1 except  the c e n t e r  of the second exposure is located 
24 s t r i n g e r s  f rom the c e n t e r  of the f i r s t  exposure.  

P l acemen t  of film for  the subsequent four exposures  i s  a s  defined 
i n  Steps 1 and 2 above. 

Setup of X- ray  Equipment (See F i g u r e s  1-38 and 1-42) 

1, 

2. 

3 .  

4. 

The X-ray machine and tubehead holding f ixture  a r e  placed d i rec t ly  
opposite the a r e a  to be exposed (72 s t r i n g e r s  f rom the cen te r  of 
the 24-s t r inger  X - r a y  view). 

The X-ray  tubehead i s  mounted to the holding f ixture  (Tool 
NO. 8E-0863-Hi) .  

The tubehead i s  aligned perpendicular  to the s k i r t  a t  X ~ 8 3 6 .  
tubehead is placed 72 s t r i n g e r s  from the cefiter of the inspect ion 
a r e a .  

The 

The X-ray tube is positioned a s  near  to the s k i r t  a s  
prac t icable  . 

Exposure P r o c e d u r e  

1. The X-ray machine is s e t  f o r  the following technique- 

260 kv 
10 m a  
10 minutes  
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F i g u r e  1-42,  Typical  Setup for 
Debr is  B a r r i e r  X-Ray 

2, The  X-ray machine is act ivated for  the  f i r s t  exposure  a f t e r  
adherence  t o  all  safety procedures .  

3.  The exposed X-ray  film is removed and the unexposed f i lm placed 
i n  the next adjacent  inspection a r e a .  

4. The X-ray tubehead and holding f ixture  a r e  rotated 2 4  s t r i n g e r s  
so that they a r e  again d i rec t ly  opposite the inspect ion a rea .  

5 .  The procedures  under  P lacemen t  of X-ray  film, se tup  of X-ray 
equipment and Exposure  P r o c e d u r e  a r e  repeated f o r  the remaining 
five exposures ,  

6. The X - r a y  machine i s  deact ivated and the key removed,  

7. The exposed X-ray fi lm is p rocessed  in  the automatic  f i lm 
p r o c e s s o r .  
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1.6 INTERPRETATION OF RADIOGRAPHS 

The in te rpre ta t ion  of rad iographs  of Sa turn  S-I1 welds is a n  e x t r e m e l y  
c r i t i ca l  inspection process. 
e x i s t  i n  the welds  which are  vis ible  on the rad iographs  but which c a n  be 
overlooked. To prevent a n y  significant flaw f r o m  escaping  detect ion,  a 
redundant sys t em of rad iographic  in te rpre ta t ion  bas been establ ished.  
Additionally, e a c h  area that is most  suscept ible  to  f laws (such as r ework  
areas) is  identified and subjected to e x t r a c r i t i c a l  rad iographic  examinat ion.  
This s y s t e m  allows a n  expeditious init ial  film in te rpre ta t ion  with a backup 
s y s t e m  t o  a s s u r e  that  no defect e scapes  detection. 

Exper ience  r e v e a l s  that  v e r y  tight c r a c k s  can  

PROCEDURE 

The radiographic  inspec tor  i n t e r p r e t s  and eva lua tes  the radiographs 
l ist ing a l l  anomal ies  observed  on the radiographic  inspect ion repor t .  
g r a d e s  .the seve r i ty  of a l l  anomal i e s  i n  acco rdance  with the appl icable  
drawing o r  specification. 

He 

A second radiographic  in spec to r  i n t e r p r e t s  and evaluates  the s a m e  
rad iographs  l is t ing a l l  anomal ies  on a work shee t .  He a l s o  g rades  a l l  
anomal ies  in  accordance  with specification and drawing r equ i r emen t s .  

The rad iographic  inspect ion leadman o r  supe rv i so r  reviews and 
c o r r e l a t e s  a l l  significant anomal ies  noted by the two radiographic  in spec to r s  
a s s u r i n g  that  they have been proper ly  r eco rded  on the radiographic  
inspect ion r epor t .  The  c r i t i ca l  
a r e a s s a r e  designated as all  weld in te rsec t ions ,  weld s t a r t  and s top  a reas ,  
weld machine malfunction o r  e r r a t i c  operat ion a r e a s ,  and weld-reworked 
areas.  
on the radiographic  inspect ion r epor t  and s igns the "Approved By' block to  
re f lec t  h i s  concur rence  with the finalized in te rpre ta t ion .  

He a l s o  rev iews  al l  c r i t i ca l  weld a r e a s .  

The  leadman o r  supe rv i so r  notes the specif ic  areas he  reviewed 
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The responsible  rad iographer  then t r a n s f e r s  a l l  re jec tab le  disconti-  
nuities to  a s tandard  d iscrepancy  (squawk) f o r m  which is integrated into the 
Fabr ica t ion  and Inspection Records  (FAIR) o r  Test  and Inspection Records  
(TAIR) s y s t e m  in  accordance  with the s tandard  Quality Assu rance  Manual 
procedure. 

The leadman o r  supe rv i so r  then e i the r  disposi t ions the d i sc repanc ie s  
en tered  on the squawk shee t ,  i f  authorized by the p rocess  specif icat ion,  or 
refers the out-of-tolerance condition to the Mater ia l  Review Board fo r  i t s  
evaluation and disposit ion,  
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1.7  TECHNICAL REVIEW AND AUDITS OF RADIOGRAPHIC 
OPERATIONS 

Th i s  sect ion def ines  the p rocedures  es tab l i shed  by Quality Engineer ing 
to a s s u r e  that  the highest  quali ty and rel iabi l i ty  s t anda rds  f o r  radiographic  
inspect ion p r o c e s s e s  pe r fo rmed  on Sa turn  S-I1 ha rdware  a r e  consis tent ly  
maintained.  

The sec t ion  outlines the c r i t e r i a  es tabl ished for  Quality Engineer ing 
spec ia l i s t s  to conduct a 100-percent  technical  review of all radiographic  
film re la ted  to e a c h  weldment .  This  rev iew includes evaluations of f i l m  
following completion of .individual welding operat ions and of rad iographs  
exposed a f t e r  completion of subassembly  a n d / o r  ful l -s tage p r e s s u r e  tes t ing  
cyc le s .  
the event that  a c r i t i ca l  weld defect i s  d i scove red ,  
def ines  the provis ions for accomplishing monthly,  unscheduled in t e rna l  
audi ts  of the process ing  sequences ,  methods ,  and techniques uti l ized by 
Quality Assu rance  personnel  during S-I1 s tage weld inspection opera t ions .  
The audit  provides  the n e c e s s a r y  cont ro ls  for  consis tent ly  maintaining a n  
e f fec t ive  and rel iable  radiographic  inspect ion s y s t e m .  

The reviews a re  t ime-phased  to  preclude any schedule  impact  in 
Additionally, this  sect ion 

TECHNICAL REVIEW O F  RADIOGRAPHIC F I L M  OF W E L D M E N T S  

The technical  review of radiographic  film assoc ia ted  with each  s p e c i f i c ,  
individual weld a n d / o r  subassembly  w i l l  be scheduled as  desc r ibed  in the 
following pa rag raphs .  

Mer id ian  Welds i n  Aft Facing Sheet ,  Forward  Fac ing  Sheet,  Forward  LH-,, 
and Af t  LO? Bu1khead.s 

This  rev iew is per formed upon completion of a l l  mer id ian  welds con-  
tained in a bulkhead a s s e m b l y  (including all documented weld r e p a i r s ) .  
The rev iews  a r e  conducted p r i o r  to  welding the dol la r  r ing into each  a s s e m b l y  
and before  individual bulkheads a re  removed f r o m  the welding tool .  

Dollar Welds f o r  Aft LOz, Forward  LH2,  Aft Facing Sheet ,  and F o r w a r d  
Facing Sheet B u l k h e a d s  

The  rev iews  a r e  init iated following complet ion of the  welds and final 

The  rev iews  a r e  completed before  individual bulkheads a r e  
acceptance  of fi lm of each  welding opera t ion  (including any requi red  weld 
repa i rs ) .  
removed f r o m  the  welding fixture. 

, 
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I 
Aft L02, Aft Facing Sheet,  and Forward  LH2 Bulkhead Assembl i e s  

The rev iews  of rad iographs  of welds tha t  are X-rayed  following the 
hydrostat ic  tes t ing cycle for e a c h  unit  are  made before  initiating any 
subsequently scheduled welding o r  bonding operat ion on the individual 
assemblies. 

Ver t i ca l  Weld Spl ices  for LH2 Tank 

A l l  f i lm re la ted  t o  ve r t i ca l  sp l ice  welds are  reviewed following final 
The rev iews  a r e  completed acceptance  of individual cyl inder  assembl ies .  

be fo re  e a c h  cyl inder  a s s e m b l y  is removed f r o m  the  weld fixture.  

LH2 Tank Circumferent ia l  Weldments 

The films for individual welds joining cyl inder  a s s e m b l i e s  a r e  reviewed 
following final acceptance  (including a l l  requi red  weld r epa i r s ) .  
g r a p h s  of each  c i r cumfe ren t i a l  weld joining Cylinder 2 t o  Cylinder 3 ( s t age  
closeout weld) a r e  reviewed p r i o r  t o  per forming  the  pneumatic  tes t ing  
sequence for  a completed tank. 

The  radio-  

LHz Tank and LO2 Tank (Completed Stage) 

The  rad iographs  of a l l  welds requir ing inspection (including any r e p a i r s  
pe r fo rmed)  a r e  reviewed following pneumatic tes t ing  cyc les  and subsequent 
final acceptance.  
poss ib le  following post-pneumatic  t e s t  inspect ion opera t ions  to  prec lude  
schedule  impact. 

T h e s e  rev iews  a r e  concluded in a s  t ime ly  a manner  a s  

REPORTS - FILM REVIEWS 

Upon completion of the f i lm rev iews ,  Quality Engineering f o r w a r d s  the 
evaluation r e s u l t s  in  an  in t e rna l  l e t t e r  to  the appropr ia te  NR SD QA 
supe rv i so ry  personnel .  
and LO2 tank welds ,  Quallty Engineer ing p r e p a r e s  a s u m m a r y  for  the 
applicable s tage  that  outl ines ( 1 )  the individual rev iews  that  have been 
p e r f o r m e d ,  ( 2 )  a t  what point in s tage  fabr ica t ion /assembly  the rev iews  w e r e  
conducted, and ( 3 )  the r e su l t s  of the final review.  

Upon completion of i t s  e f for t s  assoc ia ted  with LHz 

If a t  any t ime  during the outlined radiographic  film reviews  a c r i t i c a l  
d e f e c t  is  d iscovered  ( i . e . ,  one that  may requ i r e  r e p a i r  o r  could impact  the 
schedu le ) ,  QA superv is ion  i s  notified immedia te ly  to ini t ia te  the n e c e s s a r y  
ac t ion .  
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TECHNICAL AUDITS OF RADIOGRAPHIC PROCESSING OPERATIONS 

Two p r i m a r y  areas of cont ro l  provide the basis for es tabl ishing a 
technical  audit  sys t em and per forming  the f requent  evaluation of personnel  
capabilities and radiographic  methods.  
a s y s t e m  is to  a s s u r e  that  high-quality radiographic  film is consis tent ly  
obtained and effective personnel  and process ing  methods are  always employed 
on parts and a s s e m b l i e s .  These  p r i m a r y  areas of control  tha t  per ta in  to  
maintaining efficient radiographic  process ing  opera t ions  a re  desc r ibed  in 
the following pa rag raphs .  

The objective for implementing such  

Automated Film P r o c e s s i n g  

Because  the quali ty of any final radiograph i s  dependent upon the 
developing p r o c e s s ,  i t  is mandatory  that the automatic  film p r o c e s s o r s  
a lways be rigidly controlled to  achieve maximum efficiency and consis tency.  
The method selected for  the cont ro l  point i s  that  which es tab l i shes  the 
p rocess ing  of s tandard  exposure ,  step-wedge radiographs at r egu la r  i n t e r -  
vals .  
that  p rocess ing  is accompl ished ,  and the developer  solution t e m p e r a t u r e ,  
any anomal ies  a n d / o r  va'riables p re sen t  in  the process ing  s y s t e m  can  be 
detected and c o r r e c t e d  immedia te ly .  

By recording the dens i t ies  exhibited in these  f i lms, the date and t ime  

Standard X-Ray Machine Techniques 

Approved documented techniques o r  s tandard  p rocedures  a r e  requi red  

These  techniques m u s t  be capable  of cons is t -  
f o r  each  X - r a y  machine and f o r  e a c h  m a t e r i a l  thickness  on which the individ- 
u a l  machines  will  be ut i l ized.  
ently producing high-quality radiographic  fi lm. The re fo re ,  i f  a quality 
deficiency o c c u r s  once such  techniques a r e  es tab l i shed ,  no deviations will 
be al lowed,  un less  the cause  of the inadequacy has  been de termined  and 
co r rec t ed .  

AUDIT PROCEDURE FOR RADIOGRAPHIC OPERATIONS 

The in te rna l  NR S D  audit  of S-I1 radiographic  operat ions a r e  scheduled 
a t  i r r e g u l a r  i n t e rva l s  on a monthly b a s i s  without p r io r  notificatlon to  o ther  
than the supe rv i so r  of the immedia t e  functional a r ea .  
graphic process ing  techniques employed include a review of the operat ional  
ca tegor ies  desc r ibed  in the following pa rag raphs .  

All audi ts  of radio- 

Radiographs 

A technical  review of each  f i lm f o r  each Saturn  S-I1 t ank  weldment I S  

This evaluation includes de te rmina t ions  requi red  a s  previous  t y  descr ibed .  
for ( 1 )  t he  quality of the radiographic  fi lm, (2) accu racy  in  identtfying 
apparent  defec ts  in the  radiographs ( i .  e. , film o r  defect interpretat ion) ,  
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and (3)  complete  ne s s of the control l ing documentat ion and the r e s u l t s  
assoc ia ted  with the film. 

Fi lm Reading A r e a  

t 

Emphas i s  i n  this  area is placed on  a n  examinat ion of the film p r o c e s s -  
ing  and viewing a reas  for  their  conformance to  r equ i r emen t s ,  such  as 
maintenance of proper  lighting, acceptabi l i ty  and condition of equipment ,  
avai labi l i ty  of applicable documents ,  e t c .  

Machine Technique s 

The rev iew of p rocedures  developed and approved for the operat ion 
of e a c h  X - r a y  machine includes a n  evaluation of rad iographic  film obtained 
specif ical ly  to  ver i fy  the acceptabili ty of the procedura l  techniques for each 
X - r a y  machine.  

Repor t s  

Wri t ten  r e p o r t s  of completed technical  audi ts  a re  submitted to inspec-  
tion management  and the a rea  supe rv i so r  upon complet ion of e a c h  monthly 
audit. T h e s e  r e p o r t s  include ( 1 )  a descr ip t ion  of def ic iencies  encountered 
and ( 2 )  recommended co r rec t ive  ac t ions  needed t o  improve  the def ic ient  
functional a reas  in the process ing  sys t em.  
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2 .O FLUORESCENT-PENETRANT INSPECTION PROCESSES 

2 . 1  STANDARD MATERIALS AND EQUIPMENT USED 

The following information is presented  to enable inspec tors  to  become 
more familiar with the  m a t e r i a l s  and equipment i t ems  used in performing 
f luorescent -penet ran t  inspection operat ions on p a r t s  and a s sembl i e s  fo r  
S-II stages .  

Pe r sonne l  who p e r f o r m  ( o r  assist in per forming)  f luorescent-penetrant  
inspect ion opera t ions  should be cognizant of the information contained here in .  
Th i s  sect ion is s t ruc tu red  genera l ly  to desc r ibe  the terminology,  types of 
m a t e r i a l s ,  and equipment  i t e m s  utilized fo r  f luorescent-penetrant  inspect ions 
and to  provide information about the requi rements  for  qualification t e s t s  and 
cont ro l  of t hese  i tems .  

PENETRANT MATERIALS 

The penetrant  m a t e r i a l s  descr ibed  in the  following pa rag raphs  are not 
the  only m a t e r i a l s  permi t ted  within the  applicable specif icat ions,  however,  
they  a r e  the  m a t e r i a l s  used for  S-I1 production. 

Pas te -Etch  - T u r c o  5361 

Turco  Co. of Los Angeles produces this  pas te -e tch  which is basical ly  
sodium hydroxide thickened with a neut ra l  o r  iner t  f i l l e r ,  such as Cab-O-SIl. 
I ts  alkaline nature  (pH13 to  pH14) causes  i t  t o  readi ly  reac t  with aluminum 
al loys.  Hence, th i s  pas te -e tch  is applied to  s m e a r e d  me ta l  a r e a s  caused by 
grinding, machining, o r  polishing to  remove f rom 0. 0004 to 0. 0006 inch of 
me ta l  so that  hidden discont inui t ies  may be exposed f o r  penetrant  inspection 

Because  sodium hydroxide is caus t ic ,  c a r e  m u s t  be exe rc i sed  to  avoid 
contact  with the skin. 
should be accompl ished  immediately.  

If such o c c u r s ,  wa te r  flushing of the affected a r e a s  

LO Compatible Penet ran t  P- 545 -2 

The P-545 s y s t e m  i s  supplied by Shannon Luminous Mate r i a l s  Co . ,  
It i s  cons idered  L02-nonreac t ive  o r  LO2- compatible s ince Los Angeles. 

the m a t e r i a l  does  not r eac t  i n  the s tandard  LO2-impact t e s t s  defined In 
NASA Specification MSFC-  10613 o r  A F  Bulletin 527. Th i s  penetrant  m a t e r i a l  
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consists of a reac t ive  f luorescent  dye dissolved in  a nonreact ive,  liquid 
f luorocarbon carr ier  and diluted with a nonreactive volati le liquid extender  
such  as methylene chlor ide which reduces  the su r face  tension of the solution. 

The P-545 penetrant  m a t e r i a l  exhibits a bril l iant blue f luorescence  
when excited by long-wave ultraviolet  light (3650 angs t rom units). 
color cha rac t e r i s t i c  I S  des i r ab le  for  two reasons.  
component (blue) f luorescent-dye sys t em minimizes  the possibil i ty of L02- 
react ivi ty  because  f luorescent  g r e e n  co lo r - fo rmers  no rma l ly  have poor 
solubility in f luorocarbon liquids and might have a tendency to  crystal l iLe 
out of solution, Second blue c o l o r - f o r m e r s  f luoresce  proper ly  when 
maintained in solution vsfith a liquid f luorocarbon.  

This 
F i r s t ,  the use  of a s ingle-  

K-410A Remover  (for P - 5 4 5  Penet ran t  Sys t em)  

K-4108 is a s tandard { hloronated solvent (perchloroethylene)  which is 
used  to remove  surplug penetrant  f rom s u r f a c e s ,  leaving the penetrant  
entrapped in any  sur face  discontinuities.  
m a t e r i a l  is used to  remove  the e x c e s s  pene t ran t  f r o m  su r faces  before  devel-  
o p e r  is  applied. 

(Wipe cloth dampened with th i s  

Pene t r an t  - P- 149 

Shannon Luminous &la te r ia l s  C o  of Los Angeles manufac tu res  this  
product which is  a high- sensit ivity o i l -phase ,  f luorescent  penetrant .  Like 
a l l  oil-phase f l u o r e s c e n t  pene t ran ts ,  i t  contains an oi l  base t o  which a b r i l -  
l iant f luorescent  dye has  been  added.  
s u r f a c e  of  a p a r t ,  it pene t ra tes  into any  flaws open to  the surface.  
r emova l  of the surp lus  penetrant  f rom the s u r f a c e s ,  the res idua l  m a t c r l a l  
r e m a i n s  entrapped in t h e  flax1 s .  
bleed out f r o m  the entrapped a r e a .  
cence  when excited b y  a n  ultraviolet  light sou rce  (3650  angs t rom units) .  

When t h i s  product is applied t o  the 
After 

Capi l lary action causes  the penetrant  to 
T h e  entrapped d b e  responds by f luores-  

The 
intensity of the result ing i luorescent  response  is a 
t ra t ion of dye in  solut ion,  t h e  f i lm thickness  of t h e  
t he  intensity of the radiation s o u r c e  (black-l ight) .  

Eniuls i f icr  9 E -  I 5 3  ( F o r  1'- 1 - 1 , )  P c n c t r a n t  Sys t em)  

function of the concen- 
entrapped penet ran t ,  and 

Xlanufnc turcd  11) Shannon Luminous Xlatcrials C o .  , t h i s  emul s i f i e r  is  

esscii t ial iy a n o n i o n i c  d c t c  rclcnt n > a t c r i a l  \ v h i c h  a c t s  a s  an n i l lwa tc r  coupline 
aclcnt. 
blcn(is \\ it11 t l l c  pc n (  traist r c n ( l c r ~ i i g  I t  water  s o l u b l e  When the emul s i f i e r  
1 s  app1it tl t o  s1 i r faccxs  c o n t n i n i n c  cnti-apped pcnc t rnnt  
the peiictrant on the  s u r i a c c ,  hut a l so  e n t e r s  ilatvs, forming a water-soluble  

1'1 I ] <  n the c n i u l s i ~  I C  r is  ap11lic-d t o  a s u r f a c e  c o n t c r l  n i t h  pcnc t ran t ,  i t  

i t  n o t  only eniuls i t ics  
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zone within the en t rapment  area. 
penetrant  will r e su l t  i n  a loss of f luorescent  sensi t ivi ty  because of the dilution 
of penetrant  within the en t rapment  zone. 

Prolonged emuls i f ie r  contact t ime  with 

Developer - D495A ( F o r  P-149 and P-545 Penet ran t  Sys t ems)  

This m a t e r i a l  is a product  of the Shannon Luminous Mater ia l s  Co., 
Los Angeles.  The developer  a b s o r b s  and f ixes  pene t ran t  entrapped i n  s m a l l  
f laws and builds up the effect ive penetrant  f i lm th icknesses ,  thereby  
augmenting the  co lor  cont ras t  o r  f luorescent  br ightness .  
also provides  a white background which enhances co lor  and br ightness .  

The  developer  

QUALIFICATION AND ACCEPTANCE TESTS FOR PENETRANT 
MATE RIALS 

Qualification t e s t s  for  penetrant  s y s t e m  m a t e r i a l s  a r e  per formed by a 
Acceptance testing of subsequently produced Government  qualifying agency. 

penetrant  m a t e r i a l s  is  pe r fo rmed  by the manufac turer  only. All m a t e r i a l s  
m u s t  be tes ted  to  and m e e t  the requi rements  of MIL-I-25135C and be l i s ted  
in NR SD Qualified Products  List ( Q P L )  25135. 
ments  and acceptance  t e s t s  pe r fo rmed  by the manufac turer  for  each  batch of 
m a t e r i a l s  a r e  desc r ibed  in the following paragraphs .  

Specifically, the requi re -  

F l u o r  e s cent  Penet ran t  

I 1 s  

2, 

3 .  

4. 

5 .  

Fluorescen t  br ightness  - The m a t e r i a l  sha l l  be comparable  to  
e i the r  the br ightness  exhibited by a sample  retained f r o m  the 
or iginal  qualification t e s t  m a t e r i a l  o r  t o  a s tandard dye solution 
using the meniscus  spot - tes t  method. A minimum of 40 foot- 
l a m b e r t s  is requi red .  

Viscosity - The m a t e r i a l  sha l l  conform within * I  5 percent  when 
compared  to  the design cen te r  es tabl ished for  qualification t e s t  
m a t e r i a l  and m e a s u r e d  on the Saybolt s ca l e .  

F l a s h  point - The m a t e r i a l  sha l l  not exhibit a flash point below 
1 2 5  F (min imum) .  

F luo rescen t  s tabi l i ty  - The m a t e r i a l  sha l l  continue to  exhibit a 
b r igh tness  of not l e s s  than 85 percent  of the r e fe rence  sample  
when exposed t o  black light for 1 hour.  

Sensit ivity - T h e  m a t e r i a l  is tes ted for sensi t ivi ty  by compar ison  
with a r e fe rence  sample  using the meniscus  t e s t  method and the 
c e r a m i c  b lock  tes t  method.  
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6 .  Pene t r an t  removabi l i ty  - Penet ran t  m a t e r i a l  sha l l  be readi ly  
removable  a f te r  t r ea tmen t  with an applicable emuls i f ie r  o r  
r e m o v e r .  

E muls  i f  i e  r s 

1 .  Viscosi ty  - The viscosi ty  of the emuls i f ie r  sha l l  be less than 
100 cent is tokes (maximum) when measu red  a t  100 F.  

2. Flash  point - The emuls i f ie r  sha l l  not exhibit a f lash point below 
125 F (minimum),  

Developers  

1 .  Fluorescence  - The developer  sha l l  exhibit no f luorescence when 
tes ted  under  ul t raviolet  l i gh t .  

2 .  F l a s h  point - The developer  sha l l  not exhibit a f lash  point below 
1 2 5  F (minimum).  

A l l  m a t e r i a l s  mus t  be capable of being s to red  under  warehouse conditions 
f o r  a period of not l e s s  than 1 y e a r  without any change in  f igure  of mer i t .  

ACCEPTANCE AND VALIDATION TESTS FOR LO2 COMPATIBLE 
PENETRANT MATERIALS (NR SD) 

Acceptance t e s t s  to be pe r fo rmed  by NR SD on each batch of penetrant  
m a t e r i a l  shall  cons is t  of a liquid oxygen (LO2 1 compatibility ( sens i t iv i ty)  
evaluation acc.ording to the NR S D  Mate r i a l  Specification MB02 10- 006 .  
Validation 1s requi red  for these  penetrant  ma te r i a l s  which w i l l  be employed 
on p a r t s  and a s s e m b l i e s  that  will  be used in LO2 s y s t e m s ,  i . e . ,  ' par t s  and 
a s sembl i e s  which, because  of the i r  ult imate usage ,  will  come into contact 
with liquid oxygen. " The validation t e s t s  shal l  consis t  of a n  LO2 compatibil i ty 
(sensi t ivi ty)  check of each batch in  use eve ry  30 days i n  accordarnce urith the 
r equ i r emen t s  defined in NR SD P r o c e s s  Specification MA01 15-005, 

ULTRAVIOLET LAMPS ( B L A C K  LIGHT ) 

A mercury -vapor  l a m p  i s  used a s  the sou rce  of ul t raviolet  energy  for 
flu0 r e s cent - p e net r a nt inspect Lon ope ra t  ions. 
gaseous-d ischarge  devices  in  which an  e l ec t r i ca l  a r c  t akes  place in  a con- 
t ro l l ed  a tmosphe re  and emi t s  light. 
typical  mercury- ,vapor  bulb a r e  depicted in F igu re  2-1. 

Me r cu r y  -vapo r lamp s a r e 

The  construct ion and function of a 
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NOTES: 

MC 
E, and E2 

E* .. Auxiliary starting electrode 

R - Current limiting resistor 
B 

- Quartz or hard-glass cartridge in which mercury vapor i s  confined 

- k i n  electrodes that carry current to the arc stream which i s  activatec 
along the length of the cartridge 

- Outer protective bulb in which the assembly i s  sealed 

Figure 2-1. Construct ion and Function of Typical M e r c u r y - v a p o r  
Ultraviolet  Lamp (Black Light) 

P o w e r  for  the l a m p  i s  obtained f r o m  a portable ,  self-contained,  
constant-vol tage t r a n s f o r m e r  unit at tached to  the l igh t ,  
a small amount  of neon g a s  is incorporated into the ca r t r idge  o r  g lass  s h e l l ,  
and a s t a r t i ng  e lec t rode  is sea led  through one end of the tube n e a r  one of the 
ma in  e l ec t rodes .  
d rople t  form.  
s t a r t i ng  e l ec t rode  through the neon g a s .  
c u r r e n t  which is l imited by the protect ive r e s i s t o r  ( R )  but is sufficient in 
s t rength  t o  vapor ize  o r  ioniLe the m e r c u r y  drople t s  and eventually cause  a 
second a r c  t o  s t r i k e  between the ma in  e l ec t rodes .  This  heating and ioniza- 
tion p r o c e s s  r e q u i r e s  about 5 minutes  from the t i m e  voltage is first applied 
to  the l a m p .  

To facil i tate s t a r t i ng ,  

M e r c u r y  is  a l s o  contained in the in t e r io r  of the tube in 
When the l a m p  is f i r s t  energ ized ,  a n  a r c  takes  place f r o m  the 

Th i s  a r c  car r ies  a relat ively small  

NOTE E x t r e m e  care  m u s t  be taken not to b r e a k  the l a m p  
thus re leas ing  the m e r c u r y  contained in  the c a r t r i d g e .  
M e r c u r y  m e t a l  is a poisonous m a t e r i a l  which readi ly  
a m a l g a m a t e s  ( r e a c t s )  with a luminum.  
m e r c u r y  vapor  is equally toxic if inhaled. 
f o r e ,  i f  b reakage  of a l a m p  should occur  (par t icu lar ly  
in  enclosed a r e a s  such a s  i n t e r io r s  of the S-I1 s t age  
propel lant  tanks) ,  Inspection supervis ion m u s t  be 
notified immedia te ly  t o  implement  co r rec t ive  act ion.  

In addition, 
T h e r e -  
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Because only the  black-light port ion of the  radiat ion spec t rum i s  d e s i r e d  
for inspection act ivi t ies ,  t he  r ema inde r  of the radiat ion spec t rum i s  removed 
by use  of a red-purple  g l a s s  f i l t e r .  
f i l t e red  light i s  3650 angstrom units. 

The cha rac t e r i s t i c  wave length of the 

The intensi ty  of the l ight output of a black-light l a m p  d e c r e a s e s  gradually 
with u s e  and a g e ,  
or a d i r ty  f i l ter  can d e c r e a s e  light output. Fa i lu re  of the light will  occur  
when the active m e r c u r y  m a t e r i a l  has  been expended f r o m  the e lec t rodes .  

Discolorat ion of e i ther  the ca r t r idge  o r  the outer  container  

CALIBRATION REQUIREMENTS FOR ULTRAVIOLET LAMPS 

Funct ional  cal ibrat ion of black lights i s  performed on a weekly b a s i s .  
Using a Weston light m e t e r  (Model 703-60), the intensity of the black l ight 
mus t  m e a s u r e  125 foot-candles  a t  15 inches f r o m  the face of the l amp .  In 
addition, f o r m a l  ca l ibra t ion  of ins t ruments  i s  requi red  e v e r y  6 months in 
accordance  with NR SD Cal ibrat ion P rocedure  1030-9. 
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2.2 INSPECTION PROCEDURES 

This  sect ion desc r ibes  the p rocedures  followed 
personnel  during inspection sequences on Saturn S-LI 
involve the use  of f luorescent  penetrant  f o r  detection 
d i  s c ont i nui t 1 e s . 

The information contained he re in  is intended to 

by Quality Assurance  
me ta l  s t r u c t u r e s  that  
of sur face  

supplement the gene ra l  
p rocedures  defined in  N R  S D  Quality Control Specification MQ0501-004, 
"Inspection, Penet ran t  Method, " which is the document governing 
f luorescent-penetrant  inspection requi rements  a t  N R  SD. 

The techniques and methods utilized for su r face  prepara t ion  when 
per forming  f luorcscent-penetrant  inspection operat ions on aluminurn al loys 
a re  a l so  descr ibed  in this  section. 

The p rocedures  a r e  s t ruc tu red  to  provide a means  for  achieving 
optimum conditions for  the detection of sur face  discont inui t ies  in pa r t s ,  
functional components ,  and s t ruc tu ra l  a s sembl i e s .  

2 . 2 . 1  CHEMICAL-ETCH CLEANING OF ALUMINUM ALLOYS PRIOR 
TO FLUORESCENT- P E N E T R A N T  INSPECTIONS 

The following ma te  r i a l s  a r e  required 

1. Etchant  for  a luminum Turco  5361 caust ic  pas te -e tch  

2. Deoxidizer for a luminum Diversey 514 

3. Rinses  deionized water  and cheesecloth 

All aluminum al loys a r e  suscept ible  to me ta l  flow o r  smear ing  a s  a resul t  
of per forming  such mechanica l  abrading operat ions as grinding, machining, 
o r  polishing. 
discontinuities and impedes  detection of these discontinuities during any 
subsequent  f luorescent-penetrant  inspection evaluation. To oblain valid 
r e su l t s ,  i t  i s  n e c e s s a r y  to remove this s m e a r e d  aluminum film with a 
caust ic  chemica l  etchant before  penetrant  inspections.  When abrading 
operat ions a r e  completed,  the followlng chcmica l -  removal  procedure  for 
me ta l  1s employed on aluminum pa r t s  in  accordance  with P r o c e s s  

Th i s  movement  of me ta l  tends to  mask  o r  cover  su r face  
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Specification MA01-10-011, "Cleaning of Aluminum and Aluminum Alloys, " 
before applyihg fluorescent-penetrant m a t e r i a l  to  t hese  su r faces .  

1. 

2. 

3 .  

4. 

5 .  

NOTE: The imprope r  handling of caus t ic  
chemical solution f o r  m e t a l  removal  when 
p repa r ing  aluminum s u r f a c e s  f o r  pene t ran t  
inspect ion can  cause  considerable  damage to  
the base  m a t e r i a l  f r o m  cor ros ion .  If these  
caus t i c  e tchants  a r e  not neutral ized proper ly ,  
co r ros ion  wil l  occur  as a r e s u l t  of chemica l  
a t tack and subsequent exposure  to environ-  
menta l  weather ing during s e r v i c e .  S t r i c t  
adherence  to  these  procedures  i s  mandatory 
t o  preclude inadvertent  damage to pa r t s  and 
a s s e m b l i e s  a s  a r e su l t  of employing chemica l  
e tchants  in conjunction with f luorescent-  
penetrant  inspections . 

Mask applicable a r e a s  with plast ic  sheeting (o r  equivalent)  and 
lead-backed masking tape before  init iating etching operat ions to  
prevent  inadvertent  damage to  adjacent  m e t a l  su r f aces  f r o m  
acc identa l  spil lage of chemica ls  ( s e e  F igu re  2- 2). 

Solvent-wipe the su r face  to be etched using c lean  cheesecloth damp-  
ened with tr ichkoroethylene conforming to the requi rements  of N R  SD 
M a t e r i a l  Specification MB02 10-003, 'Tr ich loroe thylene ,  
Rec la imable ,  Liquid Oxygen Compatible .  " 

B r u s h  a uniform coating of T u r c o  5361 pas te -e tch  onto the s u r f a c e  
while exerc is ing  ex t r eme  c a r e  not t o  sp i l l  o r  d r i p  this  highly 
caus t ic  m a t e r i a l  onto adjacent  su r faces  o r  o ther  pa r t s  ( s e e  
F i g u r e  2-31, 

Allow the Turco  5361 to e tch  the applicable su r face  for  1 5  to  2 5  
minutes .  After the f i r s t  application of e tchant ,  agi ta te  the paste  
with swabs o r  spa tu las ,  add f r e s h  pas te -e tch  a t  3 -  to  5-minute 
in t e rva l s  during the 15- to  25-minute  dwell  t ime.  

Remove su rp lus  T u r c o  5361 paste-etch by wiping the e x c e s s  o r  
r e s idua l  m a t e r i a l  with clean cheesecloth ( s e e  F igu re  2 - 4 ) .  
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Figure  2-3 ,  Application of Turco  5361 Pas t e -E tch  

F 

f 

3 

Figure  2-4. Excess  Turco 5 3 6 1  Pas te -E tch  Removed 
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6 .  Neutral ize  the sur face  by r insing the etched a r e a  using cheese-  
cloth dampened with deionized water  taking c a r e  to  remove  a l l  
t r a c e s  of the pas te -e tch .  A mult icycle  rinsing operat ion is 
recommended to  a s s u r e  that all the potentially damaging chemica l  
m a t e r i a l  has  been completely removed.  

NOTE. Adjacent a r e a s  are  careful ly  
examined for evidence of chemica l  
a t tack o r  etchant res idue  resul t ing 
f r o m  spil lage during handling o r  
application. 

7 .  Deoxidize the beta1 sur face  by wiping the etched a r e a s  using 
cheesecloth dampened with Diversey 5 14 solution ( s e e  
F i g u r e  2-51. 
contact with the sur face  f r o m  2 to  5 minutes  until the r e s idua l  
oxide s m u t  is removed and the m e t a l  is br ightened.  

Allow th is  deoxidizing solution to  r ema in  in 

8 .  Wipe the Diversey 514 solution f r o m  the affected sur face  using 
c l ean ,  d r y  cheesecloth and r i n s e  the a r e a  using cheesecloth 
dampened with deionized w a t e r .  Again,  take c a r e  to e n s u r e  
removal  of a l l  t r a c e s  of chemica l  r e s idues .  

NOTE Do not allow cheesecloth soaked with 
Diversey  514 to  dry.  
posing of cheesecloth contaminated 
in  this  manner ,  r i n se  all t r a c e s  of 
D ive r sey  514 deoxidizer  solution 
f r o m  the cloth with wa te r  so that the 
oxidizing chemica ls  in  the solution 
will not cause  the d r i ed  cheesecloth 
to ignite. 

Before dia- 

9. Verify the complete  removal  of chemica ls  f r o m  the affected 
a r e a s  by t es t ing  the t rea ted  s u r f a c e s  with pH paper  while the 
a r e a  is s t i l l  wetted with water  ( s e e  F i g u r e  2-6). R i n s i n g  with 
wa te r  is continued until the readings indicate the pH m e a s u r e s  
between 5. 0 and 8.0,  i . e . ,  chemica l ly  neu t r a l .  

I O .  Check surrounding a r e a s  selected a t  r andom,  par t icu lar ly  su r faces  
previously covered by tape maskan t s ,  using pH paper  t o  ver i fy  
the presence  ( o r  absence )  of chemica l  sp i l lage ,  s p l a s h e s ,  o r  d rops  
on adjacent  s u r f a c e s  and pa r t s  ( s e e  F i g u r e  2 - 7 ) .  
a r e a s  immediately using cheesecloth dampened with deionized 
wa te r .  Repeat the r insing sequence until  s u r f a c e s  a r e  d e t e r -  
mined to be f r ee  f rom chemica l  contaminat ion.  

Neutral ize  any such  
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Figure 2-6, Testing Treated Surface With  pXI Paper 
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NOTE: A q H  measur ing  g r e a t e r  than 8 .0  
(alkal ine)  indicates  that  T u r c o  5361 
paste-etch LS contaminating the zone, 
and  a pH reading of l e s s  than  5 0 
(ac id ic )  indicates  that  Diversey  514 
deoxidizer  is still present .  

11. Wipe t h e  dampened a r e a s  with clean,  d r y  cheesecloth and allow 
the cleaned su r faces  to a i r - d r y  a t  ambient  conditions.  

2 . 2 . 2  CHEMICAL-ETCH CLEANING O F  STEEL ALLOYS PRIOR TO 
FLUORESCENT- PENETRANT INSPECTIONS 

In spec ia l ,  infrequent c a s e s  the etching of s t ee l a l loys  for  removal  of 
m e t a l  films is  r equ i r ed  p r io r  t o  performing fluorescent-penetrant inspec-  
t ions .  To accompl ish  such sequences ,  the following guidelines a r e  employed 

1 .  F o r  f e r r o u s  s t e e l  alloys , etch in accordance  with MA01 10-01 2 ,  
“Cleaning F e r r o u s  Alloys.  ’’ 

2 ,  F o r  cor ros ion- res i s tan t  s t ee l  alloys (CRES) ,  e tch in accordance  
with MA0110-013, “Descaling and Pass iva t ion  of Corros ion  and 
Heat -Res is tan t  Alloys.  I ’  

Before init iating etching sequences  on s t ee l  p a r t s ,  the Mate r i a l  and 
P r o c e s s  ( M & P )  Labora to r i e s  a r e  contacted in all c a s e s  regarding the p r o p e r  
formula t ions  and precaut ionary  handling techniques requi red  for  the u s e  of 
these  hazardous chemica l  ( ac ids )  solutions.  

2.2.3 INSPECTION PROCEDURE FOR NON-LOZ WETTED SURFACES 
(see F i g u r e  2-8) 

Required Mate r i a l s  

1 e F l u o r e s c e n t  penetrant  P- 149 

2 .  Emulsifier E-I53 

3 .  Wash Deionized wa te r  and cheesecloth o r  other  approved wipe 
cloth 

4 .  Developer  ID-495A 

5. Trich loroe thylene  
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I The following sequence is employed 

1. 

2 .  

3 .  

4.  

5 .  

6.  

7 .  

8. 

Wipe the a r e a  to  be inspected using cloth dampened with 
t r ichloroethylene conforming to  the r equ i r emen t s  of NR SD 
Mate r i a l  Specification MB0210-003. 

Apply f luorescent  penetrant  P-149 to  the a r e a  being inspected 
using a clean acid b r u s h  o r  a 1-inch paint b r u s h  ( s e e  F igu re  2-9). 
After  applying the pene t ran t ,  check the a r e a  under  black-light 
exci ta t ion to  assure  that  complete  coverage  of the penetrant  has 
been accomplished.  

NOTE: The a r e a  being examined mus t  be 
ver i f ied to  be d r y  and f r ee  of any 
contaminants  before  the application 
of penetrant  ma te r i a l s .  

Allow a penetrant  dwell  t ime  of 15 minutes  (minimum).  

Remove the bulk of the surp lus  penetrant  f r o m  the sur face  using 
a n  approved c lean ,  d r y  wipe cloth ( s e e  F i g u r e  2-10). 

Apply emul s i f i e r  E-153 o v e r  the pene t ran t  by spraying f r o m  an  
a e r o s o l  c a n  d i spense r  ( s e e  F igu re  2- 1 1). 
dwell  t i m e  of 2 to  5 minutes .  

Allow a n  emul s i f i e r  

Remove the bulk of the surp lus  emulsif ied penetrant f r o m  the 
su r face  b y  wiping in one d i rec t ion  only using c l ean ,  d r y  cheese -  
cloth. 

Remove the r ema inde r  of the surp lus  emulsif ied penetrant f r o m  
the su r face  by wiping in  one d i rec t ion  only,  using a wipe cloth 
dampened with deionized wa te r  followed immediately by wiping 
the a r e a  d r y  using clean,  undampened wipe cloth. 

Repeat  th i s  en t i r e  inspection sequence i f  observat ion under  black- 
light excitation indicates  that  all the e x c e s s  penetrant  has  not 
been removed.  In th i s  c a s e ,  uti l ize a sl ightly longer emulsif icat ion 
t ime .  

NOTE Do not repea t  only the emulsif icat ion 
sequence  in o r d e r  to  effect the sa t l s -  
fac tory  removal  of su rp lus  ma te r i a l .  

SD 70- 5 5 6 -  1 
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Figure 2-9. Application of Fluorescent Penetrant 

Figure 2-10. Removal of Surplus Penetrant 
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9 .  

10, 

11. 

3 

Apply a l ight,  even coat of Developer D-495A by spraying f rom 
an a e r o s o l  can d i spense r  ( s e e  F igu re  2 - 1 2 ) .  Allow the developer 
toeremain  on the sur face  for  5 minutes  {minimum),  but no 
longe r  than 2 hours .  

Inspect  the zone under  black-light excitation ( s e e  F igu re  2- 13) 
and  evaluate all ind ica t io i s  in accordance  with the acceptance 
criteria defined in  the applicable N R  S D  p r o c e s s  specification. 
A 7- to  10-power magnifying l ens  is used a s  requi red  by inspec-  
tors to evaluate defective indications detected with the 
flu0 r e s  c ent-  penet rant.  

NOTE Black-light evaluation of the a r e a  being 
inspected should be conducted in  a 
darkened a r e a  o r  enclosure.  This  is 
accomplished with cur ta ins  o r  hoods 
i f  the overhead lighting in  the inspec-  
t ion a r e a  cannot be reduced ( s e e  
F igu re  2- 14). 

Clean  and d r y  all a r e a s  exhibiting res idua l  f luorescent  m a t e r i a l  
a f t e r  completing the inspection evaluation. 
t r ichloroethylene conforming to the r equ i r emen t s  of Specifi- 
cat ion MB0210-003 i s  employed. 
of all f luorescent -penet ran t  m a t e r i a l s  by examinat ion under  
ul t raviolet  and white light. 

Usually, 

V e r i f y  the complete  removal  

2 . 2 . 4  INSPECTION PROCEDURE FOR LO WETTED S U R F A C E S  
2 (See F igu re  2-15)  

Requ i r ed  Mate r i a l s  

1. Non-LO Reactive F luorescent  Penet ran t  P- 545 2 

2. Remover  K - 4 1 0 A  

3,  Developer D-495A 

The following sequences a r e  employed f o r  th i s  application 

1. Wipe the a r e a  to be inspected using cloth dampened with t r ich loro-  
ethylene conforming to the requi rements  of Mater ia l  Specification 
MB0210-003. 
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Figure 2- 11.  Application of Emulsifier E- 153 

Figure 2 -  12. Application of Developer D-495A 
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Figure 2 - 13. Black- Light Evaluation 

- 124 - 
SD 70-556-1 



Space Division 
North Amenean FkxA 



- 126 - 
SD 70-556-1  



2. Apply f luorescent  penetrant  (P- 5 4 5 )  t o  the a r e a  being inspected 
using a c lean  acid b rush  o r  a 1-inch paint brush. 
the penetrant ,  check the area under  black-light excitation to  
a s s u r e  that complete  coverage of the penetrant  h a s  been  
accomplished. 

After applying 

NOTE. a. The area being examined m u s t  be 
ver i f ied to be d r y  and f r e e  of any 
contaminants prior t o  the applica- 
t ion of penetrant  ma te r i a l s .  

When applying the P-545 m a t e r i a l  
t o  a su r face ,  the p r o p e r  amount  
of penetrant  m u s t  be poured f r o m  
the bulk container  into a s m a l l e r  
container  that  has  been p rope r ly  
cleaned, bagged, and protected 
f rom contamination ( s e e  F i g -  
u r e  2-14). Under no c i r cum-  
s t ances  will the appl icator  be 
dipped into the bulk container  o r  
the unused portion of the m a t e r i a l  
i n  s m a l l  conta iners  be returned to  
the bulk container.  

b. 

3.  Allow a penetrant  dwell t ime  of 5 t o  10 minutes .  

4. Remove a l l  surp lus  penetrant  f rom the su r face  by wiping in one 
d i rec t ion  only using a n  approved wipe cloth dampened with r emover  
K-410A. Check the a r e a  under black-light excitation to  a s s u r e  
that  sa t i s fac tory  removal  of surp lus  m a t e r i a l  has  been 
accompl i  shed. 

NOTE Clean,  d r y  cheesecloth may only be 
used for  removing L02-compatiLle ,  
C las s  5, f luorescent  penetrant  p r i o r  
to  cleaning S-I1 p a r t s  and a s sembl i e s  
f o r  LO2 s e r v i c e  After such cleaning 
the Class  5 penetrant  is removed with 
a contaminat ion-free wipe cloth that 
h a s  been previously approved for  use  
on LO2 s y s t e m  p a r t s  by Engineering 
o r  the M & P  labora tor ies .  
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5. Apply a thin, even coating of nonaqueous, wet developer  ID-495A 
using a n  ae roso l  can  dispenser .  

6 ,  Allow a development t i m e  of 5 minutes  (minimum) and 2 hours  
(maximum). 

7,  Inspect the zone under  black-light excitation and evaluate  all 
indications in accordance  with the acceptance c r i t e r i a  defined in 
the applicable p r o c e s s  specification. 
magnifying lens  is used  as requi red  by inspec tors  t o  evaluate 
defective indications detected with the f luorescent  penetrant .  

A 7- t o  10-power 

NOTE: Black-light evaluation of the a r e a  
being inspected i s  conducted in  a 
darkened .a rea  o r  enclosure.  This  
c a n  be accomplished with the use  of 
cur ta ins  o r  hoods i f  the overhead 
lighting in the inspection a r e a  can-  
not be reduced. 

NOTE The ma jo r i ty  of f luorescent  pene t ran ts  
observed  under  black-light excitation 
a p p e a r  yel low-green in  color.  The  
P- 545 LO2 compatible penetrant  
a p p e a r s  blue-white in  color.  

8, Clean and d r y  all a r e a s  exhibiting r e s idua l  f luorescent  penetrant 
m a t e r i a l s  a f t e r  completing the inspection evaluat ion,  using the 
specified type of wiping m a t e r i a l  dampened with t r ichloroethylene 
conforming to  the r equ i r emen t s  of Specification MA021 0-003. 

2.2.5 FLUORESCENT-PENETRANT INSPECTION OVER CHEMICAL- 
FILM- TREATED SURFACES 

After  completing a l l  welding operat ions and nondestruct ive tes t ing 
sequences ,  the exposed b a r e  a luminum su r faces  a r e  t r ea t ed  with a colored 
chemica l  conversion coating ( C h e m - F i l m )  to  protect  the m a t e r i a l  f r o m  
co r ros ion  during subsequent s e r v i c e .  The Chern-Fi lm is present  on weld 
zones of s t r u c t u r e s  which r equ i r e  f luorescent  penetrant  inspection a f t e r  
p r e s s u r e  cyc les ,  i. e. , hydros ta t ic  and pneumatic t e s t s  ( s e e  F igu re  2 -  16). 
Th i s  protect ive covering is not removed by chemica l  etching, abrading,  e t c . ,  
f o r  the purpose of per forming  such f luorescent -penet ran t  inspections.  

If rework by grooving o r  rewelding of d i sc repanc ie s  i s  subsequently 
requi red ,  then only the affected r e p a i r  a r e a  is re-etched to  accommoda te  
additional s tandard  penetrant  inspections.  
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NOTE: Cheesecloth is  not used for penetrant 
operations performed after pneumatic 
teeting because of emisslon of lint. 
Only laboratory-approved cloths that 
do not emit lint wi l l  be used to per- 
form post- te s t inspection. 
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I 

3.0 ULTRASONIC INSPECTION PROCESSES 

This sec t ion  d e s c r i b e s  the methods and procedures  used to  inspect  
common bulkheads and aft LO2 bulkhead dol la r  welds through the use  of 
u l t rasonic  techniques.  
both th rough- t ransmiss ion  and pulse-echo methods,  while the aft LO2 bulk- 
head do l l a r  weld is inspected by using the s h e a r  wave method, 
is explained in detai l  in this section, and considerable  emphas is  is placed 
on the method used to  inspect  the common bulkhead because of the unique 
a spec t s  of the equipment and the complexity of the actual  inspection procedure.  

The common bulkhead i s  inspected through the use  of 

Each method 

- 131 - 
SD 70-556-1 





Space Division 
North Amencan Rockwell 

3 . 1  COMMON BULKHEAD INSPECTION 

The  common bulkhead is a unique adhesive-bonded sandwich assembly.  
The  a s s e m b l y  is inspected for  bonding integri ty  on  a spec ia l  tool specifically 
designed to  accommodate  th i s  assembly.  
t r a n s m i s s i o n  and pulse-echowl t rasonic  methods to  evaluate the bonding 
integri ty  and is equipped with a "C" s c a n  recording s y s t e m  to facil i tate 
evaluation and produce a permanent  r eco rd  of the inspections.  
sound is t ransmi t ted  through the bulkhead s t ruc tu re  by synchronized s q u i r t e r  
nozzles  r a t h e r  than by the mos t  commonly used submerged method. 

This  spec ia l  tool u s e s  through- 

The u l t ra -  

This special ized inspection s y s t e m  h a s  a cen te r l e s s  turntable  that  is 
operable  o v e r  a continuous speed range fo r  rotating the p a r t s ,  two s e t s  of 
i nne r  and outer  t r ansduce r  support  a s sembl i e s  for  positioning the t r ansduce r s  
f o r  a through- t ransmiss ion  o r  pulse-echo inspection, a model  turntable  
synchronized with the pa r t  holding turntable ,  a p r i n t e r  support  a s sembly  
with the p r i n t e r  s tylus  synchronized with the ou te r  t r ansduce r  tape p r o g r a m ,  
and console-mounted e lec t ronic  instrumentation. The instrumentat ion 
includes the logic and control  c i r cu i t ry  fo r  positioning the t r a n s d u c e r s  and 
p r i n t e r  s ty lus  throughout a n  en t i r e  inspection, safety c i r cu i t s  to  minimize  
the haza rd  of damaging a p a r t  of the sys t em because of a malfunction o r  
operat ing e r r o r ,  a tape r e a d e r  and spooler ,  a n  824D immerscope ,  a n  MK-7 
flaw de tec tor  with gate  adapter ,  and a n  S R - 1 3 0  r e c o r d e r  adapter  t o  genera te  
model  recording voltages.  

" 1 3 3  - 
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3.1.1 SYSTEM DESCRIPTION 

T r a n s d u c e r  and P r i n t e r  Assembl ies  

T r a n s d u c e r  Car r i age  Support  Column Assembl i e s  

F o u r  t r a n s d u c e r  c a r r i a g e  support  columns are provided for guiding 
the c a r r i a g e  and  t r ansduce r  a s s e m b l i e s  in a ve r t i ca l  plane which i n t e r s e c t s  
the turntable  axis. 

Outer  Bulkhead Column. 
has  two s t ra ight  l ine e lement  guide t r a c k s  that a r e  tangent to  a common 
bulkhead surfacee. 
pivots about a ve r t i ca l  axis to p e r m i t  a l ignment  f o r  a bulkhead inspection 
or positioning to  a standby location ( s e e  F igu re  3-1). 
at the base  of the s t r u c t u r e  a s s i s t s  i n  locating the boom in  place ( s e e  
F igu re  3-2). 

The outer  bulkhead column as sembly  (F igure  3-1) 

The column is rigidly mounted to a support  boom which 

A manual  handcrank 

The column straight l ine e l emen t s  have gea r  r acks  which m e s h  with the 
c a r r i a g e  position dr ive  ( s e e  F i g u r e  3 -3 ) .  A t r a n s f e r  table extends e i the r  
s t ra ight l ine e lement  to t r a n s f e r  the t r ansduce r  c a r r i a g e  f r o m  one e lement  
to  the other  ( s e e  F igu re  3-4). 
sect ion.  

The t r a n s f e r  table is desc r ibed  l a t e r  in th i s  

Inner  Bulkhead Column. 
the outer  bulkhead column except that the support  s t r u c t u r e  on the inner  
column is r igidly lagged to the conc re t e  floor.  

The inner  bulkhead column (F igure  3-5) r e s e m b l e s  

P r i n t e r  C a r r i a g e  Support Column Assembly 

One p r i n t e r  c a r r i a g e  suppor t  column a s s e m b l y  (F igu re  3-6) is sup- 
pl ied t o  posit ion the p r i n t e r  c a r r i a g e  a t  the same att i tude as the bulkhead 
t r ansduce r  c a r r i a g e .  
s t ra ight l ine  e lement  that  m a y  be pivoted to t h r e e  s ta t ions-  

The p r i n t e r  c a r r i a g e  suppor t  column cons i s t s  of one 

1 .  P a r a l l e l  to the upper  bulkhead column 

2 .  P a r a l l e l  to the lower bulkhead column 

3. Ver t i ca l  

The column support  a s s e m b l y  is rigidly mounted to  the ou te r  column, 
r e c o r d e r  table,  and d r ive  e l emen t .  
t r a c k  and p r i n t e r  c a r r i a g e  g e a r  rack.  

The column is equipped with a guide 
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F i g u r e  3-5.  Inner  Bulkhead Column 
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T r a n s d u c e r  c a r r i a g e s  posit ion the t r ansduce r  pa ra l l e l  and perpendlc- 
ular to  the column guide t r a c k s .  
are cons t ruc ted  identically.  

The inne r  and outer  bulkhead c a r r i a g e s  
(See F i g u r e  3 - 3 .  ) 

The c a r r i a g e s  a r e  positioned pa ra l l e l  to  the  column guide t r a c k  in  
0.002-inch s t eps .  
50 s t eps  p e r  second. 
t o  the guide t r a c k  i n  0.005-inch s t e p s .  
o r  slewed a t  a r a t e  t o  50 s t eps  pe r  second.  

The posit ion d r i v e  m a y  be jogged or slewed a t  a rate t o  
The carriages posit ion the s e a r c h  tubes perpendicular  

Th i s  ax ia l  positioning may be  jogged 

P r i n t e r  C a r r i a g e  Assembly  

The p r in t e r  c a r r i a g e  closely r e s e m b l e s  the t r a n s d u c e r  carriage 
in  function and constr ' lct ion with the p r i m e  exception tha t  the d isp lacement  
is reduced by a factor  of 5 .  The c a r r i a g e  d isp lacement  i s  l imited to  
0.0004 inch pe r  s t e p ,  The motion may be jogged o r  slewed to  50 s t eps  per  
second.  

The s ty lus  support  tube d isp lacement  is l imited to  0.001 inch per  
s t ep .  The d isp lacement  m a y  be jogged o r  slewed to  50 s t eps  per  second.  

T r a n s d u c e r  Angle 

T r a n s d u c e r  angle d r ive  a s s e m b l i e s  a re  provided fo r  gimbaling the 
t r a n s d u c e r ,  with r e spec t  to  the s e a r c h  tube suppor t  a x i s ,  in the ve r t i ca l  
plane. All  angle  d r ives  are cons t ruc ted  ident ical ly  (see F i g u r e  3-  3 ) .  

The t r a n s d u c e r  angle is positioned in 5-minute s t eps  and may  be  
jogged o r  s lewed to a r a t e  of 50 s t e p s  per  second.  

Stylus  Angle 

The s ty lus  angle d r ive  closely r e s e m b l e s  the t r a n s d u c e r  angle d r ive  
The s ty lus  angle is positioned and provides  the s a m e  positioning function. 

in 5-minute s t eps  and may be jogged o r  slewed to  a r a t e  of 50 s t eps  pe r  
second.  

T r a n s f e r  Tab le s  

Two t r a n s f e r  tab les  ( F i g u r e  3-4) identically cons t ruc ted  are  supplied 
f o r  t r a n s f e r r i n g  the bulkhead c a r r i a g e s  from e i t h e r  s t  rnight-l ine element  
to the  o ther .  
guide t r a c k  and g e a r  r ack ,  one t i l t  d r ive  moto r ,  and five limit swi tches  to 
p e r m i t  p r o p e r  c a r r i a g e  positioning on the table  and p r o p e r  table  tipping 
direct ion.  

E a c h  hae a guide t r a c k  and g e a r  r a c k  to m a t e  with the column 
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Two safety limit switches r e v e r s e  the c a r r i a g e  index direct ion when 
the c a r r i a g e  advances toward the t r ans fe r - t ab le  end not ma ted  with the 
column guide t r a c k  and g e a r  rack .  

Two l imi t  switches t e rmina te  the t r a n s f e r  table tilt motion and a l s o  
ee t  the tilt dr ive  direct ion.  

A t i l t  switch indicates  when the c a r r i a g e  being positioned is in the 
Table  t i l t ing cannot be init iated unless  the cen te r  of the t r a n s f e r  table .  

c a r r i a g e  i s  cen te red .  

As a safety f ea tu re ,  no stepping moto r  can be run  unt i l  e i t he r  t r a n s f e r  
This  e n s u r e s  that the t r a n s f e r  tables  are  table tilt l imit  switch I S  ac t iva ted .  

engaged when the c a r r i a g e  is s tepped onto the column guide t r a c k .  

Turntable  Assembl i e s  

Bulkhead Turntable  

The turntable  assembly  d r ive  is a 5-hp, 440-vac, 60-cycle Reeves 
var iable-speed d r ive  with a 2-speed s t a r t e r  control .  
turntable  positioning i s  located a t  the output shaf t  of the Reeves var idr ive  
( see  F igu re  3 - 7 ) .  
g e a r  box and ro ta tes  the double-row ro l le r -cha in  sprocket .  

A handwheel for manual  

The angular  d r ive  then is reduced by a 10  1 r ight-angle 

A double-row s t e e l  chain,  approximately 100 feet long, couples the 
dr ive  motion to  the cen te r l e s s  turntable  
with a nominal  t h r u s t  ra t ing of approximately 8000 pounds a r e  used to  support  
the turntable  on the turntable  r ack .  
position the face plate ,  

Twenty-four McGill c a m  fol lowers  

Identical  fol lowers  are  used to  radial ly  

Model Turntable  

The model  turntable  (F igu re  3 - 6 )  has  a s ingle-row stkel-chain dr ive  
mechanical ly  synchronized with the p a r t  turntable .  

Model Turntable  L imi t  Switch 

The limit switch (LS-1) i s  act ivated by a switchman located on the 
model  turntable ,  which in i t ia tes  the t r a n s d u c e r  index once eve ry  turntable  
revolution. Limit switch wa te r  shutoff (LS-WS) i s  act ivated by adjustable  
switchmen located on the model  turntable .  The  switch c losu re  in i t ia tes  a 
command t o  ene rg ize  the w a t e r  s q u i r t e r ' s  shutoff valve. 

NOTE: Th i s  provis ion i s  not used  when the bulkhead is instal led.  

SD 70-556-1 
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f Water  Assembly 

The wa te r  s y s t e m  is designed to  supply f i l tered and rec i rcu la ted  wa te r  
to the t r ansduce r  squ i r t e r  a s s e m b l i e s  (F igu re  3 - 8 ) .  The wa te r  s y s t e m  
act ivat ion and flow direct ion is controlled by the console control  panel. 
A 2-hp, 440-vac,  3-phase motor  and pump supply water  p r e s s u r e  is provided 
for the s q u i r t e r  a s s e m b l i e s ,  

A wate r  bypass valve r ec i r cu la t e s  the pump wa te r  when excess ive  
p r e s s u r e  builds u p  a t  the pump outlet .  The bypass  valve prevents  damage to  
the pump and motor  a s sembly  because  of the high head p r e s s u r e  that r e su l t s  
when the flowrate is r e s t r i c t ed .  

Two 25-micron  pa r t i c l e  f i l t e r s  a r e  connected to  the pump outlet  to  
filter the water  at an adequate flowrate.  One f i l t e r  is assoc ia ted  with the 
inner water  squ i r t e r  a s sembly ,  and the o ther  f i l t e r  is assoc ia ted  with the 
outer  wa te r  squ i r t e r  a s sembly .  

Two w'ater p r e s s u r e  regula tors  a r e  supplied,  adjustable  f r o m  0 to  30 

The o ther  regulator  connects 
psi ,  for  set t ing the water  s q u i r t e r  wa te r  p r e s s u r e .  
t o  the inner  s q u i r t e r  f i l t e r  ( s e e  F igu re  3 - 9 ) .  
t o  the outer  s q u i r t e r  f i l t e r  ( F i g u r e  3 - 7 ) .  

One regulator  connects 

* Two solenoid valves  d i r e c t  the regulated wqter  p r e s s u r e  output to  the 
bulkhead t r ansduce r  s q u i r t e r s .  
by the o p e r a t o r ,  All  valves  a r e  c losed ,  which ac t s  as a water  shutoff valve 
to the s q u i r t e r s ,  when the LS-WS on turntable  a s s e m b l i e s  is  act ivated 
wa te r  shutoff sys t em is not  used  when the bulkhead is instal led.  

The posit ion for  cutoff of the valves  is se t  

The 

Console ' 

The console is divided into four control  functions 
panel ,  t r ans l a to r  control  sec t ion ,  tape r e a d e r  sec t ion ,  and the tape spoo le r .  
E a c h  has  an independent power control  act ivated by  a s e p a r a t e  switch for  its 
power supply.  
of each  switch position on the console  and its re la t ionship  within the s y s t e m .  
The switch posit ions as labe led  on the pane ls  followed by a descr ip t ion  of 
t he i r  cont ro l  within the s y s t e m  are  s u m m a r i z e d  in  the following pa rag raphs .  

console control  

It is essen t i a l  t o  the ope ra to r  to have a complete  understanding 

Console Cont ro l  Panel  (See F i g u r e s  3-10 and 3 -  1 1 )  

Power  
S R  .., 1 3 0  r e c o r d e r  a d a p t e r ,  and so la  regula tor  ( s e e  F i g u r e  3 -  1 1 1 .  

Applies 115 vac t o  t h e  t r a n s l a t o r ,  tape r e a d e r ,  tape spoo le r ,  

Water Pump: Turns  the rec i rcu la t ing  wa te r  s y s t e m  on ,  
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Figure 3-8. Water Couplant Nozzles 

Figure 3-9. Inner Water Pressure Regulators 



Figure 3 -  10. Overa l l  Console Control  Panels 

F i g u r e  3-11. Main Cont ro l  Console  
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Index Tables:  Manual, readies the p r i n t e r  arm gimbal  for manual  
positioning and r ead ie s  the outer  and inner  column t r a n s f e r  tab les  
for  manua l  positioning. 

Index Tables:  Ready, indicates  a r ead iness  condition and p rope r  
outs ide c a r r i a g e  placement  for  manual  positioning of ou ter  and 
inner tables  

NOTE: The following switch c i r cu i t  activation r e q u i r e s  
prior positioning of index tab les  to "manual" 
go s i t  ion 

S t a r t  
table  location. 
is ini t ia ted.  

Init iates CW o r  CCW tipping of the t r a n s f e r  table a s  s e t  b y  the 
When the table is between the limits, a CCW rotation 

R e v e r s e  Te rmina te s  tipping of the t r a n s f e r  table .  

Bulkhead 
inspection ( s e e  F igu re  3-  1 1 ) .  

Connects a l l  motor  and switches relat ive only to a bulkhead 

NOTE: Straight  panels can be inspected in the tank posi-  
tion 
covered  in this procedure  

The inspection of s t ra ight  panels  i s  not 

T r a n s l a t o r  ( s e e  F igu re  3-1 1) 

Power Applies power to the t r a n s l a t o r .  

Automatic S t a r t ,  Stop: Init iates and t e rmina te s  automatic scanning. 

Mode Switch "Manual": 
setup. 

P e r m i t s  manual  cont ro l  for  an equipment 
5 

Manual Tape 
controlled by  the t ape ,  for a se tup  o r  reevaluat ion of a panel requir ing 
tape cont ro l .  

P e r m i t s  the ope ra to r  to run  the t ape ,  a n d  a l l  mo to r s  

Automatic Without Tape P e r m i t s  an automatic  inspection of panels 
that  have v e r t i c a l  o r  horizontal  s t ra ight l ine  e l e m e n t s ,  t he re fo re  not 
requir ing a tape p rogram.  

Automatic Tape P e r m i t s  a fully automatic  tape-control led inspection 
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Motor Select  P a n e l  (See F igu re  3-11) 

1. 

2 .  

3 .  

4 .  

Mode Switch in Manual. 
assoc ia ted  with the bulkhead inspection may be run in the fo rward  
or r e v e r s e  d i rec t ion  by appropriately set t ing the nine column toggle 
switches and r emote  box cont ro ls .  

Mode Switch in Manual Tape. Tape may be jogged o r  slewed at an  
adjustable r a t e  controlled by the remote  cont ro l  box button and the 
t r ans l a to r  panel tape speed control .  
switches and o ther  r emote  box cont ro ls  are  inoperat ive,  

Any combination of the stepping m o t o r s  

The nine panel motor  se lec t  

Mode Switch in Automatic Without Tape 
switches se lec t  the nine stepping moto r s  t o  be used and the i r  
stepping direct ion.  
s top  button. 

The nine panel s e l e c t  

The r emote  box button becomes  a r emote  
All  o ther  r emote  box controls  a r e  inoperat ive.  

Mode Switch in Automatic Tape 
r emote  s top ,  
box controls  are  inoperat ive.  

Remote box button becomes  a 
The nine panel toggle switches and all other  r emote  

Remote  Inner ( s e e  F igu re  3 - 1 1 )  

1 .  

2 .  

3 .  

4 .  

Mode Switch in  Manual 
o r  slewed a t  a r emote  cont ro l  box r a t e ,  from the remote  cont ro l  
box,  in  e i the r  the forward  o r  r e v e r s e  d i rec t ion .  

Individual stepping moto r s  may be  jogged 

Mode Switch in Manual Tape 
adjustably controlled ra te  that  is init iated by the remote  box button. 
This mode i s  used for a pulse-echo inspection se tup  of an inner  
bulkhead. All  o ther  r emote  box cont ro ls  a r e  inoperative.  

Tape may be jogged o r  slewed a t  an 

Mode Switch in Automatic Without Tape 
becomes  a r e m o t e  s top  button. 
inoperat ive.  

Remote  control  button 
All other  r emote  box controls  a r e  

hlode Switch in Automatic Tape 
s top  button. 

Remote button becomes a r emote  
All  o ther  r emote  box cont ro ls  a r e  inoperative.  

Remote Outer  : (See F igure  3-11) 
1 through 4 of the r emote  inner  position. 

Th i s  sequence is the s a m e  as i t e m s  

Inspection (See F i g u r e  3 - 1  1) 
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Center  Out (Forward-Reverse) :  Se lec ts  the p rope r  stepping m o t o r  
advance d i rec t ion  when an inspection of the upper  bulkhead is des i r ed .  

NOTE: Always run  i n  the forward  posit ion for a n  auto- 
m a t i c  inspection Only run  in the r emote  inner  
or r emote  outer  manual tape  posit ion a f te r  a n  
inner  o r  ou ter  t r ansduce r  alignment.  Only run 
in  the panel,  manual  tape posit ion a f t e r  the 
t r ansduce r s  have been aligned for a through- 
t r ansmiss ion  inspection. 

Bottom In (Forward-Reverse) :  Se lec ts  the p rope r  stepping m o t o r  
advance d i rec t ion  when an inspection of the  lower  bulkhead is des i red .  

NOTE: Refer  to  note above. 

P r i n t e r  

Norma l  
ax i s  with the outer  c a r r i a g e  stepping moto r s  for  obtaining a through- 
t r ansmiss ion  inspection record ing .  

Synchronizes the pr in te r  s tylus  stepping motor  controlled 

Outer  Column 
t r ansduce r  for  obtaining an  outer  pulse-echo inspection record ing .  

Synchronizes the pr in te r  s ty lus  with the outer  

Inner  Column 
t r ansduce r  f o r  obtaining an inner  pulse-echo inspection record ing .  

Synchronizes the pr in te r  s tylus  with the inner  

Index Time The control  s e t s  the index t ime  initiated f o r  each  
turntable  revolution when the mode se l ec t  switch is in e i ther  automatic 
posit ion.  
0 . 2  t o  5 seconds ( s e e  F igu re  3 - 1 1 ) .  

The index t ime  is var iably controlled f r o m  approximately 

Tape Speed 
in e i the r  automatic  mode o r  the manual  tape mode .  

Adjust the s lew r a t e ,  with o r  without t ape ,  when operated 

Forward -Of f -Reve r se  P e r m i t s  the ope ra to r  t o  se l ec t  the inner ,  o u t e r ,  
o r  p r in t e r  stepping m o t o r s ,  assoc ia ted  with positioning of the bulkhead, 
t o  be activated in  the direct ion in  which they are  to  run.  
is operable  as  indicated e a r l i e r  ( s e e  F igu re  3- 1 1 ) .  

The cont ro l  

Remote  Box 
( s e e  Figure  3 - 1 2 )  

The r emote  box has  the following stepping motor  cont ro ls  

1 J o g  Slew Selec ts  a jog o r  s lew operat ion of the stepping m o t o r s .  
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2 ,  Forward -Rever se :  Selects  the direct ion of the stepping moto r  
rotat ion.  

3 ,  Rate: Adjusts the stepping motor  stepping rate in the manual  
mode.  

4. Jog Button. 
The control  is a r emote  s top button when operated in  e i the r  
automatic  mode.  

Init iates stepping motor  o r  tape jog o r  s lew operat ion.  

5. Motor Selector  Selects  the motor  to  be opera ted .  

NOTE. Refe r  t o  “Motor Select”  d iscuss ion  for  a 
complete  operat ion logic descr ip t ion .  

Table  Speed 
position only,  ( See F igure  3 -  1 1 .  ) 

The cont ro l  is  operable  in the Motor Se lec t -Panel  

F a s t ,  
when proper ly  tape p rogrammed .  

Inc reases  the turntable  speed and r e c o r d e r  c u r r e n t  

Slow. 
p rope r ly  tape p rogrammed .  

D e c r e a s e s  the turntable  speed and r e c o r d e r  c u r r e n t  when 

NOTE 

This  switch has  been deact ivated.  

Home-Step 
cont ro ls  fo r  a t rans i t ion  during a bulkhead inspection (See F i g u r e  3-1 1 , )  

Manually advances the logic sequence of the positioning 

Home. Steps the logic  eequence to a s t a r t  condition. 

Step.  Advances the  logic sequence one s t e p  a t  a t i m e .  

The logic sequence is advanced by channel  7 of the tape r e a d e r  during 
an  automatic  inspec t ion ,  

Center-Out  Logic Sequence (See F i g u r e  3 -  1 1  1: 

Sequence Event Descr ipt ion 

0 .  Inspection s t a r t  condi t ions.  Tape r e a d e r  channel 8 i n c r e a s e s  
the r e c o r d e r  c u r r e n t  a s  the inspection su r face  speed i n c r e a s e s  
resu l t ing  f r o m  the cons tan t ,  maximum, 3 r p m  turntable  speed .  
The control  maintains  a constant recording dens i ty ,  
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Sequence 

1. 

2. 

3 .  

4. 

5 .  

6 .  

7. 

Space Oivision 
Norttt Amencan Rockwell 

Event De sc r iption 

Indicates tha t  the turntable  speed control  point is reached .  
Channel 8 disconnects  the r e c o r d e r  c u r r e n t  cont ro l  and d e c r e a s e s  
the  turntable  angular  velocity.  

Indicates that  the tangent point h a s  been reached .  
tube axial d r ive  d i rec t ions  a r e  r e v e r s e d .  

The s e a r c h  

Indicates  tha t  the upper  bulkhead inspection is complete .  
logic  condition tu rns  off the r e c o r d e r  c u r r e n t ,  pe rmi t s  the 
c a r r i a g e s  to  be stepped to  the i r  t r a n s f e r  s ta t ion,  and p e r m i t s  the 
turn tab le  angular  velocity to  be re turned  to  a minimum.  

This  

This  sequence condition tu rns  off the tape r e a d e r ,  s t a r t s  the outer  
table  t o  t ip ,  and advances the sequence t o  sequence 5 .  Sequence 5 
does  not commence  until sequence 4 is finished. 

This  sequence s t a r t s  when 4 i s  complete .  
the  inne r  table to  t i p  and advances the sequence to 6 .  Sequence 6 
is not allowed to s t a r t  unti l  5 is f inished.  

The condition s t a r t s  

When sequence 5 is finished, the pr in te r  column s t a r t s  angulatrng 
t o  the in te rmedia te  angle point, the pr in te r  c a r r i a g e  is stepped 
downward, and the logic is advanced to  sequence 7 * 

Indicates  that  the t r a n s d u c e r  c a r r i a g e s  a r e  stepping downward to  
a lower bulkhead inspection s t a r t  position. 
t e rmina te  the  t r ansduce r  and pr in te r  c a r r i a g e  stepping a t  the 
0-0 l ine r e fe rence  point. 

The tape may now be rewound, changed, and the logic sequence 
re turned  to 'home fo r  an  inspection of the lower bulkhead. 

Microswitches 

The tape r e a d e r  mus t  be off when the 
tape i s  rewound. 

N O T E  The complete  operat ing sequence desc r ibed  in  
i t e m s  0 through 7 is dependent upon the c o r r e c t  
tape p r o g r a m .  

Bottom-In Logic Sequence (See F igu re  3 -  1 1 )  

Sequence Event Des c r i  ption 

0. Inspection s t a r t  conditions.  Tape r e a d e r  channel 8 i n c r e a s e s  the 
turntable  angular  velocity as  a r e su l t  of the inspection of 
dec reas ing  d i a m e t e r  s u r f a c e  a r e a s .  
constant  inspect ion s u r f a c e  speed angular  velocity.  

The cont ro l  maintains  a 
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Sequence 

1. 

2 ,  

3.  

4.  

5 .  

6 .  

7.  

Ind i c te that  the in 

Event De sc r ip t i  on 

ide tangent point has  been reached .  The 
inside s e a r c h  tube ax ia l  d r ive  direct ion is r e v e r s e d .  

Indicates that  the outside tangent point has  been reached .  
outside s e a r c h  tube ax ia l  d r ive  direct ion is r e v e r s e d .  

The 

Indicates that  the lower bulkhead inspection i s  complete .  This  
logic condition turns  off the r e c o r d e r  c u r r e n t ,  pe rmi t s  the 
c a r r i a g e s  to be stepped to the i r  t r a n s f e r  s t a t ions ,  and pe rmi t s  
the turntable angular  velocity to  be re turned  t o  a minimum. 

This  sequence condition tu rns  off the tape r e a d e r ,  s t a r t s  the 
outer  table t o  t ip ,  and advances the sequence t o  5. Sequence 5 
does  not commence until 4 is finished. 

Th i s  sequeEce s t a r t s  when sequence 4 is complete .  
s t a r t s  the inner  table to t ip  and advances the sequence to  6 .  
Sequence 6 is not allowed to s t a r t  unti l  5 is finished. 

The condition 

When sequence 5 is f in i shed ,  the p r in t e r  column s t a r t s  angulating 
t o  the shallow angle point, the pr in te r  c a r r i a g e  is stepped upward,  
and the logic is advanced to  sequence 7 .  

Indicates that  the t r ansduce r  c a r r i a g e s  are stepping upward to a n  
upper  bulkhead inspection s t a r t  position. 
the t r ansduce r  and p r in t e r  c a r r i a g e  stepping a t  the center  of the 
bulkhead. 

Microswitches t e rmina te  

NOTE: The comple te  operat ing sequence desc r ibed  
in  items 0 through 7 is dependent upon a 
c o r r e c t  tape p rogram.  

Logic Sequence 10. 
cont ro l  set point when logic sequence 10 ind ica tes .  The Table Speed,  
Fast-Slow switch v a r i e s  the r e c o r d e r  c u r r e n t .  
when the CW o r  CCW potent iometer  c u r r e n t  l imiting r e s i s t o r  rotat ion 
l imi t  1s reached .  

The ope ra to r  may  adjust  the r e c o r d e r  c u r r e n t  

The switch l ights 

# 

Tape Reader  (See F igu re  3 - 1 3 )  

Power  Supplies power to  the tape r e c o r d e r .  

F e e d - F o r w a r d ,  Reverse .  Disconnected. F e e d  d i rec t ion  is s e t  by the 
t r ans  la t  o r inspection cont r 01. 
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Figure 3 - 1 3 .  Rheem Tape and Controls 

F i g u r e  3 -  12. Remote  Control Pendent  
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Tape Spooler 

Power-Off,  On, Supplies power to  the tape spooler .  

F o r w a r d - R e v e r s e  
tape. 

Contro ls  the tape f eed  d i rec t ion  f o r  rewinding the 

T u r n  off the Tape  Reade r  before  winding the tape .  

Instrumentat ion (See F i g u r e s  3-14 through 3-16) 

A 424D i m m e r s c o p e ,  M K - 7  flaw de tec tor  with gate adapter  and an  
SR-130 r e c o r d e r  adapter  a r e  provided for  the pulse-echo o r  through- 
t r a n s m i s s i o n  inspection of the Sa turn  panels .  
M K - 7 ,  and SR-130 instruct ion manuals  a r e  used  for  each  uni t .  

The s tandard  model  424D, 

Gate  Adapter  (See F i g u r e s  3-15 and 3-16) 

The gate adapter  t r a n s f o r m s  the M K - 7  f law de tec tor  video information 
into usable  gated video information for the SR- 130 r e c o r d e r  adap te r .  

The gate adapter  r equ i r e s  a synchronizing pulse and video s ignal  f r o m  
A bright-up pulse is applied to  the MK-7  and intensity modulates  

Gated video information is applied to  the S R -  130 r e c o r d e r  adap te r .  

the M K - 7 ,  
the C R T  during the gate 
dura t ion .  

on t ime  t o  indicate the relat ive gate position and 

Pane l  Descr ipt ion 

Power  Turns  on the gate adap te r .  

Gate On Turns  on the gate  generat ing c i r cu i t s .  

Gate  Delay 
r e spec t  to the synchronizing s ignal .  

The control  is provided t o  position the gate  s t a r t  with 

Gate  Width 
the gate  s t a r t .  

The control  ad jus t s  the gate  durat ion with r e spec t  to 

Tes t  
4-300-volt power suppl ies .  

P e r m i t s  the ope ra to r  to  monitor  the - 1 50-volt, t 150-volt and 

MK-7  - 4 2 4 D  The control  switches the t r ansduce r  input and output 
and the S R  - I30  .gated video input t o  the d e s i r e d  sonic  unit t o  pe rmi t  
operat ion of e i ther  sonic  unit .  
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Figure 3 -  14. Ins t rumenta t ion  (F law Detec tors )  

F i g u r e  3 - 1 5  G a t e  Adapter 

- 1 5 3 "  
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Internal  Cont ro ls  

Video Gain 
gated video coincidence tube. 

Adjusts the video s ignal  amplitude to  the input of the 

BUP: 
pulse applied t o  the M K - 7 .  

The br ight-up pulse cont ro l  ad jus t s  the amplitude of the gate 

3. I .  2 PREINSPECTION PREPARATION 

The following p re l imina ry  s t eps  a r e  requi red  p r i o r  to the  s t a r t  of 
actual  inspection of the common bulkhead on the  automated inspection sys tem:  

1, Examine  the fabricat ion and a s sembly  r e c o r d s  (FAIR) assoc ia ted  
with the specific bulkhead to  be inspected for  the h i s to ry  of the 
in te rna l  s t r u c t u r e  of the sandwich assembly  During the f ab r i ca -  
t ion of the bulkhead assembly ,  a g r id  cha r t  ( l is t ing all the c o r e  
sp l ices ,  c o r e  densi ty ,  in te rna l  f i t t ings,  thixotropic pas te  appl ica-  
tion th icknesses ,  e tc .  ) i s  maintained throughout the manufacturing 
p r o c e s s .  After the bulkhead is bonded, the g r id  c h a r t  becomes 
part of the FAIR reco rds .  
accomplish the post- inspect ion evaluation and is used a s  a 
r e fe rence  guide during the inspection p r o c e s s  

This  information is e s sen t i a l  to 

2. Posi t ion  the outer  boom fo r  the bulkhead installation by rotating 
to the full  extent of t rave l  to the instal l  bulkhead position 

3. Instal l  the bulkhead - The bulkhead is instal led by ski l led m a t e r i a l  
handling c r e w s  using the overhead  c rane  to position and align the 
bulkhead on the tool 
nlove procedure  is uti l ized for  the instal la t ion,  positioning, and 
leveling of the  bulkhead o n  the inspec tion unit turntable  

A spec ia l  step-by-step m a t e r i a l  handling 

NOTE: The lower edges of the waffle sect ions 
a r e  posit ioned 10 inches above the 
su r face  of the turntable  unit. 

4. Posi t ion  the ou te r  boom back to the bulkhead inspection position 
A manual  handcrank a t  the base of the support  column a s s i s t s  in 
locating the boom in place 
ou te r  boom p r i o r  to moving any of the c a r r i a g e s  

A s s u r e  posit ive positioning of this  
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5.  Posi t ion  and a t tach  the r e fe rence  t e s t  s tandard  to the mechanical ly  
d r iven  turntable  assembly .  

6. Adjust the instrumentat ion to the s tandard  to  achieve a n  optimum 
signal  fo r  the pa rame te rh  defined in NR SD Quality Control  
Specification MQ0501-010, (Inspection, Ultrasonic) .  

3 . 1 . 3  INSPE C T ION PROCEDURE 

This  sect ion outlines the s tep-by-s tep  sequence used to inspec t  a 
completed common bulkhead for  bonding in tegr i ty  It is e s sen t i a l  that 
o p e r a t o r s  become thoroughly fami l ia r  w t h  the sys t em and the functions of 
all cont ro ls  p r i o r  to per forming  the inspection of a bulkhead a s sembly  
Damage to  the bulkhead can r e s u l t  through e r roneous  operation of the 
sys t em.  The s tep-by-s tep  sequence follows: 

1. Activate the ma in  panel  switch and console control  panel  switch. 
These  switches apply power (115 vac)  to the t r ans l a to r  a r m ,  tape 
r e a d e r ,  tape spooler ,  SR-130 r e c o r d e r  adap te r ,  and so la  regu-  
l a to r s .  
instrumentat ion s y s  tem p r i o r  to use.  

Allow approxrrnately 30 minutes  a s  a warmup per iod  for 

2, Energize  the water  pump and ad jus t  the r egu la to r s  to obtain an  
acceptable  l amina r  flow pa t t e rn  of water  couplant f rom the coll i-  
m a t o r s  o r  nozzles  ( s q u i r t e r  heads) .  

3. Set  s e l e c t o r  switch to "bulkhead" posit ion.  Manually ad jus t  ou ter  
and inner  c a r r i a g e  a s s e m b l i e s  to posit ion the nozz les  so that the 
flow of couplant is d i r ec t ed  a t  the apex of the bulkhead 
rotat ional  axis of the nozzles  m u s t  be approximately 9 inches 

' f r o m  the su r face  of bulkhead faceshee ts  being examined,  

The 

4. Manually normal ize  the inner  nozzle  to obtain maximum response  
(pulse  - e c ho) 

5. Manually posit ion the ou te r  nozzle to achieve maximum response  
(through - t r  an s m  1 s s ion) 

NOT E: U1 t r as oni c s y s tern in s t r um entation p a r  am e te  r s 
shal l  be comparable  to the se t t ings  es tab l i shed  
through the u s e  of the r e fe rence  s tandard  
(i e . ,  gain frequency,  t r a n s d u c e r s ,  and gate 
ad jus tmen t s ) ,  and are  as defined in NR/SD 
Quality Cont ro l  Specification MQ0501-010. 

6 .  Posi t ion Tape No 1 and cen te r  out the tape spooler .  
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7. 

a. 

9. 

10. 

Set  logic  sequence to  the "home" position. 

Set inspect ion switch to  the "Center-out" position. 

Set P r i n t e r  to  the "normal" position. Es tab l i sh  the turntable  
speed  at approximately 3 revolutions p e r  minute  o r  18 inches 
of t r a v e l  per second. 
t r ac ing  paper  using ex t r eme  c a r e  to prevent  wrinkles .  

Cover the recording model  o r  d r u m  with 

Set the  record ing  arm a t  the apex  of t h e d r u m  and ad jus t  the 
s ty lus  to  a s s u r e  p rope r  tension 

NOTE: Align the te levis ion c a m e r a  to  obse rve  the p rope r  
t racking  of the inner  nozzle.  

11. P u s h  the au tomat ic  s t a r t  button and ad jus t  the speed and index 
cont ro ls  to achieve approximately 0.060 inch of index t r a v e l  p e r  
tu rn tab le  revolution. 
indicat ions w t h  the record ing  indications continually during the 
inspection. 
r e a c h  the t r a n s f e r  table  change-over posit ion 

Monitor the osci l loscope to compare  scope 

Continue the inspection operat ions until the c a r r i a g e s  

12. Verify all the through- t ransmiss ion  "void" indications r eco rded  
on the t r ac ing  (F igu re  3-17). 
with the g r i d  c h a r t  previously made  of the in te rna l  sandwich 
s t r u c t u r e .  These  suspec t  a r e a s  a r e  then c o r r e l a t e d  to specif ic  
loca t ions  on the bulkhead. 
( r e f e r e n c e  NR/SD Quality Control  Specification MQ0501-010) i s  
p e r f o r m e d  on both s u r f a c e s  for all through- t ransmiss ion  
"no-signal" indications on the recording 

Compare  these  void indications 

A supplementary  pulse-echo inspection 

NOTE: V e r i f y  p r o p e r  change-over of the t r a n s f e r  tab les  
p r i o r  to  proceeding 

13.  Posi t ion  the inner  nozzle to a d is tance  measu r ing  30 5 inches 
f r o m  the turn tab le  and normal ized  for maximum response  
(pulse  - echo). 

14. Pos i t ion  the o u t e r  nozzle for maximum response  (through- 
t r a n  smi s si on) 

15. Replace Tape  No. 1 with Tape No 2 and bottom-in the tape 
spooler  and count 45 speed holes .  
sec t ion  of the bulkhead wil l  s t a r t  a t  this  point 

Lnspection of the lower 
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16, Rese t  all control  se t t ings  to  obtain u l t rasonic  sys t em 
, inst rumentat ion p a r a m e t e r s  that  are comparable  to those 

es tab l i shed  by using the r e f e r e n c e  s tandard  and defined in 
NR/$D Quality Control  Specification MQ0501-010. 

17. R e s e t  all control  switches f o r  "bottom-in" sequence. 

18. P u s h  the au tomat ics  s t a r t  button and continue inspect ion operat ions 
until a t  l e a s t  3 inches  of over lap  to the inspect ion record ing  fo r  
the  upper  sect ion of the bulkhead is achieved. 

19. Verify all the through- t ransmiss ion  "void" indications recorded  
on the t r ac ing  Compare  these  void indications with the g r id  
c h a r t  previously m a d e  of the in te rna l  sandwich s t ruc tu re .  
suspec t  a r e a s  a r e  then co r re l a t ed  to specific locat ions on the 
bulkhead A supplementary pulse-echo inspection ( r e fe rence  
NR/SD Quality Control  Specification MQ0501-010) is pe r fo rmed  
on both su r faces  for  all through- t ransmiss ion  "no-signal" 
indications on the record ing  

These  

NOTE: V e r i f y  p rope r  change-over  of the t r a n s f e r  tab les  
p r i o r  to proceeding. 

20.  Posi t ion  the ou te r  nozzle  to a d is tance  measu r ing  30 5 inches 
f r o m  the top of the turntable  and normal ized  for  the maximum 
pulse-echo  response .  

21. Using Tape No 2 "bottom-in", count 45 speed holes ,  and 
ene rg ize  the tape r e a d e r  a t  th i s  point 

22, Set  the logic sequence to the "home" position 

23. Set  the inspect ion mode  to the "bottom-in" posit ion 

24. Set the p r i n t e r  mode  to the "outer" column 

25. Attach the pulse-echo  t e s t  s tandard  on the bulkhead and ad jus t  
to  the p a r a m e t e r s  defined in  NR/SD Quality Control  Specif ica-  
t ion MQO5Ol-010 and re la ted  manufactur ing specifications 

26. Rese t  the inspection mode switch to  "bottom-in" r e v e r s e  and 
posit ion the t r a c k  tape using manual  mode  to 1 /4- inch  below 
the horizontal  weld land. 
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2 7. 

2 8. 

2 9. 

30. 

R e s e t  the inspection mode switch to  "bottom-in forward. " The 
pulse-echo inspection of the outboard sur face  will start a t  th i s  
point and will  extend up 15 inches. 

Adjust  the turntable speed to 1. 5 r p m  and s e t  the moto r  control  
switch to "auto/with tape. I t  

P u s h  the automatic  s t a r t - s top  button and continue inspection 
operat ion until completion of the inspection and the recording 
of the lower 15-inch a r e a .  

Compare  a l l  void indications recorded  on this t rac ing  with the 
gr id  cha r t  previously made of the in te rna l  sandwich s t r u c t u r e  
and the t racing recorded  for the through t r ansmiss ion  inspection. 

NOTE: The pulse-echo  inspection (21-31) is 
zccomplished on the lower 15 inches 
only to supplement  the through-transmission 
inspection. Exper ience  has  revealed that 
emall  s ingular- type voids could be com-  
pletely engulfed by sound waves in this  
reduced c o r e  thickness a r e a  when using 
the through- t ransmis  sion method, The 
supplemental  pulse-echo inspection of 
th i s  a r e a  will revea l  these sma l l  s ingular  
voids.  

3 . 1 . 4  POST-INSPECTION PROCEDURE 

A final evaluation of all the ul t rasonic  inspection indications is 
requi red  to analyze and a s s e s s  the bonding integri ty  of the common 
bulkhead assembly .  In this final evaluation, all documented h is tory  
of the in te rna l  s t ruc tu re  that was  r eco rded  on the g r id  c h a r t  ( s e e  
sect ion 3, 1. 2) is co r re l a t ed  to the through- t ransmiss ion  and pulse-  
echo inspect ion r e su l t s  
a s u m m a r y  of the inspection resu l t s :  

The following sequence i s  used  to es tab l i sh  

1. Compare  the signal-attenuated a r e a s  on the recording (l ight 
a r e a s )  of the through- t ransmiss ion  inspection with the identical  
a r e a s  on the gr id  cha r t .  

2. Evaluate  and note the r e su l t s  of the pulse-echo  inspections fo r  
a l l  the s igna l - loss  a r e a s  of the through- t ransmiss ion  inspection 
as indicated on the recording.  
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3. Perform radiographic inspection, if required,  to detect  the 
p r e s e n c e  (o r  absence) of cocked o r  canted c o r e  when the 
evaluation indicates  this  to be a possible cause of the 
through- t ransmiss ion  signal attenuation. 

4. Evaluate suspect  a r e a s  by using sonic methods when this method 
can be used  a s  a supplement to help es tab l i sh  o r  facil i tate the 
exact  location of void indication8 

5. Submit all out-of-tolerance debond indications to Mater ia l  Review 
for disposit ion.  Detailed locations,  together with the sur face  
location of the debond, will be included in the information sub- 
mi t ted  to the Mater ia l  Review Board. 
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3.2 AFT LO2 BULKHEAD DOLLAR WELD INSPECTION 

The aft LO2 bulkhead dol la r  sect ion is joined to the bulkhead by butt 
Because of the 

Th i s  additional inspection method is p e r -  

welds  made  from opposite s ides  with overlapping nuggets 
weld method, this weld r ece ives  a supplemental  ul t rasonic  inspection using 
the s h e a r  wave contact method.  
f o r m e d  specifically f o r  l ack  of complete  joint  penetrat ion of the weld passes. 

The norma l  operat ing procedure  of the Krau tk ramer  i s  not d i scussed  
because  i t  is assumed  that the ope ra to r  will  have a bas ic  understanding of 
u l t rasonics  and will u se  the s tandard  operat lng manual  published f o r  this  
unit. Although the K r a u t k r a m e r  is a divers i f ied ins t rument ,  the p rocedure  
d i scussed  will be l imi ted  to the e s sen t i a l s  n e c e s s a r y  to inspect  for  incom- 
plete  penetrat ion between the two weld p a s s e s  made  f rom opposite s ides  of 
the a s sembly  

P r o c e d u r e  

Special  Equipment and Mater ia l s  Required 

1 .  

2 .  

3 .  

4. 

5 .  

6 ,  

7 .  

Krau tk ramer  USIPlO flaw de tec tor  ( s e e  F i g u r e  3 - 1  8) 

One 70-degree '  4 - M H z  shear -wave  t r ansduce r  ( l a r g e  probe)  

One 70-degree '  4 - M H z  shear -wave  t r a n s d u c e r  (mil i ia ture  probe)  

One 6-inch sca l e  

One shear -wave  cal ibrat ion block 

One s tandard  ( s tandard  contains known discont inui t ies  typical of 
flaws to  be encountered)  

Couplant - pet ro leum j e l l y  
I 

NOTE: The  inspection is normal ly  accomplished f rom 
the outboard sur face  (non-LO2 wetted) only 
If inspected from the inboard su r face ,  LO2 
compatible  couplant would be requi red  (KEL-F) 
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F igure  3-18. Shear Wave Inspection of Dollar W e l d  
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i 

I 

. Prepa ra t ion  

1. Warm up unit at least 15 minutes  in accordance  with the 
operat ing manual ,  

Ca l ib ra t e  the ins t rument  on the u l t rasonic  detector  0 t o  

made of the same material as that  to be inspected.  

2.  

Ins pe c ti on 

1 Using the 2-inch regular  s i z e  shear-wave t r ansduce r ,  scan  the 
weld in a back and for th  motion t r a n s v e r s e  to the weld. 

Using this  back and for th  motion and moving a t  a r a t e  of one-ha 
the probe d i ame te r  for each  success ive  unscanned area, continue 
around the c i rcumference  until the en t i r e  weld has been inspecte  

Mark  all flaw indications on the a s s e m b l y .  

2 ,  

h 

3 .  

similar known conditions on the test s tandard  for confirmation 
of the suspec t  discontinuity.  

When flaws a r e  confirmed with the l a r g e  t r a n s d u c e r ,  the t r ans -  
duce r  is  replaced with a minia ture  shear -wave  probe.  Recal i -  
b ra t ion  i s  requi red .  

Using the minia ture  probe,  evaluate the flaw indications fGr s i z e ,  
depth ,  and location within the weld. 
using the fo lhwing  formula to faci l i ta te  determinat ion of the exact  
location 

5 .  

6 .  
This  can be simplified by 

X = W (SIN 703 
SIN 700 = 0.9397 

7 A l l  f law indications detected during th i s  inspectlon w ~ l l  b e  c o r r e -  
lated with indicatlons on $he radiographs of the weld to facll l tate 
in te rpre ta t ion  of the internal  discontinuitie s 
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